COVARIANCE STRUCTURAL MODELS FOR MATHEMATICS ACHIEVEMENT AND PARTICIPATION:  AN INVESTIGATION OF SEX DIFFERENCES AT THE LEVEL OF COLLEGE CALCULUS USING FACTORIAL MODELING by DICK, THOMAS PATRICK
University of New Hampshire
University of New Hampshire Scholars' Repository
Doctoral Dissertations Student Scholarship
Spring 1984
COVARIANCE STRUCTURAL MODELS FOR
MATHEMATICS ACHIEVEMENT AND
PARTICIPATION: AN INVESTIGATION OF
SEX DIFFERENCES AT THE LEVEL OF
COLLEGE CALCULUS USING FACTORIAL
MODELING
THOMAS PATRICK DICK
University of New Hampshire, Durham
Follow this and additional works at: https://scholars.unh.edu/dissertation
This Dissertation is brought to you for free and open access by the Student Scholarship at University of New Hampshire Scholars' Repository. It has
been accepted for inclusion in Doctoral Dissertations by an authorized administrator of University of New Hampshire Scholars' Repository. For more
information, please contact nicole.hentz@unh.edu.
Recommended Citation
DICK, THOMAS PATRICK, "COVARIANCE STRUCTURAL MODELS FOR MATHEMATICS ACHIEVEMENT AND
PARTICIPATION: AN INVESTIGATION OF SEX DIFFERENCES AT THE LEVEL OF COLLEGE CALCULUS USING
FACTORIAL MODELING" (1984). Doctoral Dissertations. 1422.
https://scholars.unh.edu/dissertation/1422
INFORMATION TO USERS
This reproduction was made from a copy of a document sent to us for microfilming. 
While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 
quality of the material submitted.
The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction.
1.The sign or “target” for pages apparently lacking from the document 
photographed is “Missing Page(s)”. If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity.
2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or-copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 
the adjacent frame.
3. When a map, drawing or chart, etc., is part of the material being photographed, 
a definite method of “sectioning” the material has been followed. It is 
customary to begin filming at the upper left hand comer of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 
sectioning is continued again—beginning below the first row and continuing on 
until complete.
4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 
into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department.
5. Some pages in any document may have indistinct print. In all cases the best 




300 N. Zeeb Road 
Ann Arbor, Ml 48106

8418550
Dick, Thom as Patrick
COVARIANCE STRUCTURAL MODELS FOR MATHEMATICS ACHIEVEMENT 
AND PARTICIPATION: AN INVESTIGATION OF SEX DIFFERENCES AT THE 
LEVEL OF COLLEGE CALCULUS USING FACTORIAL MODELING
University of New Hampshire Ph.D. 1984
University
Microfilms
International 300 N. Zeeb Road, Ann Arbor, Ml 48106

PLEASE NOTE:
In all c ases  this material has been filmed in the best possible way from the available copy. 
Problems encountered with this docum ent have been identified here with a check mark V .
1. Glossy photographs or p a g es______
2. Colored illustrations, paper or print______
3. Photographs with dark background______
4. Illustrations are poor copy______
5. Pages with black marks, not original copy_
6. Print shows through as there is text on both sides of page______
7. Indistinct, broken or small print on several p ag es  l /
8. Print exceeds margin requirem ents______
9. Tightly bound copy with print lost in spine______
10. Computer printout pages with indistinct print______
11. P age(s)____________ lacking when material received, and not available from school or
author.
12. Page(s)____________ seem  to be missing in numbering only as  text follows.
13. Two pages num bered_____________. Text follows.






COVARIANCE STRUCTURAL MODELS 
FOR MATHEMATICS ACHIEVEMENT AND PARTICIPATION: 
AN INVESTIGATION OF SEX DIFFERENCES AT THE LEVEL 
OF COLLEGE CALCULUS USING FACTORIAL MODELING
BY
Thomas P a t r i c k  Dick
DISSERTATION
S u b m i t t e d  t o  t h e  U n i v e r s i t y  o f  New Hampshi re  
i n  P a r t i a l  F u l f i l l m e n t  o f  
t h e  R e q u i r e m e n t s  f o r  t h e  Degree  o f
D o c t o r  o f  P h i l o s o p h y  
in
M a t h e m a t i c s  E d u c a t i o n
Thi s  d i s s e r t a t i o n  has  been examined and a p p r o v e d .
D i s s e r t a t i o n  d i r e c t o r ,  R i c h a r d  Balomenos
P r o f e s s o r  o f  Ma t hema t i c s
(JM*
Wi l l i am G e e s l i n ,  A s s o c i a t e  P r o f e s s o r  o f  M a t h e ma t i c s
Jdfan Mundy, A s s i s t a n t  P r o f e s s o r  o f  M a t h e m a t i c s
Dortutfan Van O s d o l , P r o f e s s o r  o f  Ma t h e m a t i c s
Kenneth  C o n s t a n t i n e ,  A s s i s t a n t  P r o f e s s o r  o f  Ma t h e m a t i c s  
Roland K i m b a l l ,  P r o f e s s o r  o f  E d u c a t i o n
a , /^ y
Date  1/ s
To my d a u g h t e r ,  J e a n  C l a r i c e
Acknowledgments
A work such as  a d i s s e r t a t i o n  b r i n g s  w i t h  i t  b o th  f e e l i n g s  o f  
a cc ompl i shme n t  and f r u s t r a t i o n .  T h i s  d i s s e r t a t i o n  was no e x c e p t i o n ,  
and i t  c o u l d  n o t  have  been c om p l e t e d  w i t h o u t  t h e  s u p p o r t  and a d v i c e  o f  
many p e o p l e .  I g i v e  t h a n k s  t o  my a d v i s o r ,  R i c h a r d  Balomenos ,  who gave 
me so much e n c o u ra g e m e n t  t h r o u g h o u t  my work a t  t h e  U n i v e r s i t y  o f  New 
Hampshi re .  W i l l i a m  G e e s l i n  p r o v i d e d  many h e l p f u l  s u g g e s t i o n s ,  and 
s e r ve d  as  a v a l u a b l e  r e s o u r c e  f o r  a nswer s  t o  many o f  my q u e s t i o n s .  
Joan Mundy a l s o  p o i n t e d  me i n  h e l p f u l  d i r e c t i o n s ,  and I owe h e r  s p e c i a l  
t ha nks  f o r  h e r  h e l p  i n  d e v e l o p i n g  a  l o c u s  o f  c o n t r o l  s c a l e  f o r  t h i s  
s t u d y .  Kenne th  C o n s t a n t i n e  was n e v e r  t o o  busy t o  g i v e  me an ans wer  t o
any o f  my many q u e s t i o n s  c o n c e r n i n g  s t a t i s t i c a l  me t h od o l o g y .  I a l s o
t ha nk  Donovan Van Osdol  and Roland Kimbal l  f o r  t h e i r  comments .  Maureen 
Heaps ,  Wendy Fogg,  and Kim S u t h e r l a n d  gave me much-needed  h e l p  in
p r od u c i n g  c o p i e s  o f  t h e  many t e s t s  u s e d ,  and t h e  s u b s e q u e n t  c o d i n g  o f
t h e  r e s u l t s .
My d e e p e s t  g r a t i t u d e  goes  t o  my w i f e ,  C o l l e e n .  She t y p e d  much o f  
t he  m a n u s c r i p t  and drew mos t  o f  t h e  d i a g r a ms  c o n t a i n e d  i n  t h i s  
d i s s e r t a t i o n .  But  I owe h e r  mos t  f o r  t h e  e m o t i o n a l  s u p p o r t  she  gave  
me, e s p e c i a l l y  t h o s e  t i me s  when I f e l t  mos t  d i s c o u r a g e d .  T h i s  work 
would have  been so much more d i f f i c u l t  w i t h o u t  h e r .  I acknowl edge  my 
s p e c i a l  t h a n k s  and l ove  t o  h e r .
F i n a l l y ,  l e t  me acknowledge  my t h a n k s  t o  a l l  t h e  o t h e r  p e o p l e  who 
gave me h e l p  and en c o u r ag e me n t  d u r i n g  my g r a d u a t e  work a t  t h e  
U n i v e r s i t y  o f  New Hampshi r e .
TABLE OF CONTENTS
ACKNOWLEDGEMENTS............................................................................................................................  i v
LIST OF ILLUSTRATIONS............................................................................   i *
LIST OF TABLES.................................................................................................................................  x
ABSTRACT.................... : .........................................................................................................................  x i .
CHAPTER
I .  VARIABLES RELATED TO SEX DIFFERENCES IN MATHEMATICS
ACHIEVEMENT AND PARTICIPATION—  NATURE, SCOPE, AND 
PURPOSE OF THE STUDY............................................................................................  1
An I n n a t e - A b i  1 i t y  T h e o r y .............................................................................. 6
A D i f f e r e n t i a ]  P a r t i c i p a t i o n  T h e o r y ..................................................  7
Ev i dence  S u p p o r t i n g  T h e o r i e s  on S o u r c e s  o f  Sex D i f f e r e n c e s  9
C o g n i t i v e  and A f f e c t i v e  V a r i a b l e s  R e l a t e d  t o
Mat hema t i c s  Ac h i eve men t  and P a r t i c i p a t i o n ...................................  11
Causa l  Model i ng  a s  a  Means t o  U n d e r s t a n d i n g
C o r r e l a t i o n a l  S t r u c t u r e ................................................................................  17
I I .  RESEARCH PLAN, OBJECTIVES AND METHOD.....................................................  23
THE RESEARCH PLAN............................................................................................... 25
RESEARCH OBJECTIVES..........................................................................................  28
RESEARCH METHODS.................................................................................................  29
S u b j e c t s ......................................................................................................... 29
The C a l c u l u s  Program a t  t h e  U n i v e r s i t y
o f  New H a m p s h i r e ..................................................................................... 29
- v -
Measu r e s  employed i n  t h e  s t u d y ..................................................  33
P r e t e s t  me asu r e s  and c a l c u l u s
a c h i e v e m e n t  m e a s u r e s ...............................................................  33
Background q u e s t i o n n a i r e  m e a s u r e s ..............................  34
A f f e c t i v e  m e a s u r e s ....................................................................  35
C o g n i t i v e  m e a s u r e s ....................................................................  37
A d m i n i s t r a t i o n  o f  t h e  m e a s u r e s ..................................................  42
S t a t i s t i c a l  T e s t s  and Me t hodo l ogy  Used i n  t h e  S t u d y  44
I I I .  CAUSAL MODELING........................................................................................................  48
P a r a m e t e r  N o t a t i o n ............................................................................................  48
Causa l  Models  and S t r u c t u r a l  E q u a t i o n s ...........................................  49
R e c o ve r i n g  C o r r e l a t i o n a l  I n f o r m a t i o n  f rom
S t r u c t u r a l  P a r a m e t e r s .....................................................................................  51
D e t e r m i n i n g  Sample E s t i m a t e s  o f  S t r u c t u r a l  P a r a m e t e r s . . .  53
D i s t u r b a n c e  Te r ms ............................................................................................... 55
P a t h  A n a l y s i s ........................................................................................................  57
Models  w i t h  L a t e n t  V a r i a b l e s ....................................................................  61
O r t h o g on a l  F a c t o r  Models v s .  O b l i q u e  F a c t o r  M o d e l s   66
Models  t o  be Deve loped  i n  t h i s  S t u d y ................................................  70
C o nc l u d i n g  Remarks ............................................................................................  71
IV.  STANDARDIZED ORTHOGONAL FACTOR MODELS AND FACTORIAL
MODELING..........................................................................................................................  72
Mode l ............................................................................................................................  73
- v i -
E s t i m a t i o n  o f  Model P a r a m e t e r s ..............................................................  75
P r i n c i p a l  Compone n t s ...........................................................................  78
T r a d i t i o n a l  F a c t o r  A n a l y s i s .........................................................  79
C a n o n i c a l  C o r r e l a t i o n  A n a l y s i s ..................................................  81
Maximum L i k e l i h o o d  F a c t o r  A n a l y s i s . . ...................................  81
F a c t o r i a l  M o d e l i n g ................................................................................  82
A G e ne r a l  F a c t o r  E x t r a c t i o n  T e c h n i q u e .............................................  83
The Use o f  S p e c i f y i n g  V a r i a t e s  and
a  Key C r i t e r i o n  i n  FaM......................................................................  87
Summary o f  t h e  FaM A l g o r i t h m .......................................................  90
Adva n t a ge s  and L i m i t a t i o n s  o f  FaM........................................... 95
E x t e n s i o n s  o f  FaM..................................................................................  97
G o o d n e s s - o f - F i t  f o r  F a c t o r i a l  M o d e l i n g ..............................  100
Summary...........................................................................................................  102
V. RESULTS OF THE EXPLORATORY ANALYSIS.......................................................  103
I n d i c a t i o n s  f rom t h e  e x p l o r a t o r y  work
f o r  model d e v e l o p m e n t ..................................................................................... 144
C o g n i t i v e  f a c t o r s ..................................................................................  145
A f f e c t i v e  f a c t o r s ..................................................................................  147
P a r t i c i p a t i o n  and p r e p a r a t i o n  f a c t o r s ................................. 149
VI .  RESULTS OF THE CONFIRMATORY ANALYSIS..................................................... 151
I n d i c a t i o n s  o f  g o o d n e s s - o f - f i t  f o r  t h e  m o d e l s ............................  213
- v i  i -
V I I .  CONCLUSIONS AND IMPLICATIONS OF THE STUDY........................................  216
Compar i son  o f  S t r u c t u r a l  Models  f o r  Males  and F e m a l e s . . .  216
I m p l i c a t i o n s  f o r  E d u c a t i o n a l  P o l i c y ..................................................  220
I m p l i c a t i o n s  f o r  F u t u r e  R e s e a r c h .......................................................... 223
C o n c l u d i n g  Remarks and Summary...............................................................  229
LIST OF REFERENCES........................................................................................................................  231
APPENDIX................................................................................................................................................. 240
-v i i 1-
LIST OF I LLUSTRATIONS
F i g u r e s
1 . -  6 .  Reduced p a t h  d i a g r a m s  f o r  f a c t o r s  AE, PCP, and FAP...............195 - 200
7 . - 1 2 .  Reduced p a t h  d i a g r a m s  f o r  f a c t o r s  PAMF, PUM, and ALM_____2 0 1 - 2 0 6
1 3 . - 1 8 .  Reduced p a t h  d i a g r a m s  f o r  f a c t o r s  SA, FI /FD,  and  FC............ 207 - 21 2
- i x -
LIST OF TABLES
Tab l e
1. P r e t e s t  me a s u r e s  and c a l c u l u s  a c h i e v e m e n t  m e a s u r e s .....................  39
2.  Measures  f rom b a c k g r ou n d  q u e s t i o n n a i r e ..................................................  40
3.  C o g n i t i v e  m e a s u r e s .................................................................................................... 40
4.  A f f e c t i v e  m e a s u r e s .................................................................................................... 41
5.  Sch e d u l e  f o r  m e a s u r e s ............................................................................................  42
6.  R e l i a b i l i t i e s  o f  m e a s u r e s ................................................................................... 43
7 .  Means and s t a n d a r d  d e v i a t i o n s  f o r  f i r s t  s u b s a m p l e .......................  105
8.  C o v a r i a n c e s  and c o r r e l a t i o n s  f o r  f i r s t  s u b s a m p l e ........................... 106-142
9.  D i s c r i m i n a n t  a n a l y s i s  r e s u l t s ......................................................................... 143
10.  P r i n c i p a l  component  a n a l y s i s  r e s u l t s .......................................................  144
11.  F a c t o r  a n a l y s i s  o f  a f f e c t i v e  s c a l e s ..........................................................  147
12.  S p e c i f y i n g  v a r i a t e s  f o r  t h e  f a c t o r s ..........................................................  150
13.  F a c t o r i a l  Model i ng  s p e c i f i c a t i o n s  f o r  m o d e l s .................................... 152
14.  F a c t o r  and v a r i a t e  g r o u p s  f o r  p a t h  d i a g r a m s .......................................  153
15.  Means and s t a n d a r d  d e v i a t i o n s  o f  v a r i a t e s  (2nd s u b s a m p l e ) . .  156
16.  C o r r e l a t i o n  m a t r i c e s ................................................................................................ 157-166
17.  S t r u c t u r e  m a t r i c e s .....................................................................................................167-168
18.  M a t r i c e s  o f  s q u a r e d  s t r u c t u r e  c o e f f i c i e n t s ...........................................169-170
19.  Communal i t i e s  and d i s t u r b a n c e  t e r m s ............................................................ 171-172
20.  F i n a l  r e s i d u a l  c o r r e l a t i o n  m a t r i c e s ........................................................... 173-182
21.  F a c t o r  t h e o r y  c o r r e l a t i o n  m a t r i c e s ..............................................................183-192
22.  M a t r i c e s  o f  f a c t o r - s c o r i n g  c o e f f i c i e n t s ................................................. 193-194
23.  G o o d n e s s - o f - f i t  i n f o r m a t i o n  f o r  t h e  m o d e l s ........................................  213
-x -
ABSTRACT
COVARIANCE STRUCTURAL MODELS 
FOR MATHEMATICS ACHIEVEMENT AND PARTICIPATION:
AN INVESTIGATION OF SEX DIFFERENCES AT THE LEVEL 
OF COLLEGE CALCULUS USING FACTORIAL MODELING
by
Thomas P a t r i c k  Dick 
U n i v e r s i t y  o f  New Hampsh i r e ,  May, 1984
The p u r p o s e  o f  t h i s  s t u d y  was t o  d e v e l o p  c o v a r i a n c e  s t r u c t u r a l  
models  t h a t  would e x p l a i n ,  i n  t e r m s  o f  o r t h o g o n a l  l a t e n t  v a r i a b l e s ,  t h e  
c o r r e l a t i o n s  o b s e r v e d  among m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n  
measure s  and r e l a t e d  c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s  . A random 
sample o f  c o l l e g e  c a l c u l u s  s t u d e n t s  (N = 268;  124 f e m a l e s  and 144 
ma l e s )  was a d m i n i s t e r e d :  1) a b a t t e r y  o f  c o g n i t i v e  t e s t s ,  i n c l u d i n g
measure s  o f  s p a t i a l - v i s u a l  a b i l i t y ,  f i e l d  i n d e p e n d e n c e /  f i e l d  
d e p e n d e n c e ,  and l o g i c a l  r e a s o n i n g ;  and 2)  a b a t t e r y  o f  a f f e c t i v e  
s c a l e s ,  i n c l u d i n g  me a s u r e s  o f  a t t i t u d e  toward  m a t h e m a t i c s ,  c o n f i d e n c e ,  
p e r c e i v e d  u s e f u l n e s s  o f  m a t h e m a t i c s ,  e f f e c t a n c e  m o t i v a t i o n ,  and l o c u s  
o f  c o n t r o l .  Measures  o f  p r e v i o u s  academi c  a c h i e v e m e n t  and 
p a r t i c i p a t i o n  i n  m a t h e m a t i c s  and s c i e n c e ,  and f u t u r e  aca demi c  p l a n s ,  as  
wel l  as  a c h i e v e m e n t  in  t h e  c a l c u l u s  c o u r s e  i t s e l f  were r e c o r d e d .  The 
sample was t h e n  s p l i t  i n t o  two e q u a l - s i z e d  s ub sa m p l e s .
Using one  s u b s a m p l e ,  a t e s t  o f  t h e  h y p o t h e s i s  t h a t  m a l e s  and f e m a l e s  
have t h e  same c o v a r i a n c e  s t r u c t u r e  f o r  t h e s e  m e a s u r e s  was p e r f o r m e d .  A 
s i g n i f i c a n t  d i f f e r e n c e  (p < . 0001 )  was f o u n d .  S e p a r a t e -  o r t h o g o n a l
f a c t o r  model s  were d e v e l o p e d  f o r  ma les  and f e m a l e s  b a s ed  on t h e s e  
sample c o r r e l a t i o n s .  Sample c o r r e l a t i o n s  f rom t h e  s econd  s u b sa mp l e  
were u s ed  t o  e v a l u a t e  t h e  ad e q u a c y  o f  t h e  d e v e l o p e d  mode l s  by 
a p p l i c a t i o n  o f  F a c t o r i a l  M o d e l i ng ,  a p a r a m e t e r  e s t i m a t i o n  and 
c o n f i r m a t o r y  t e c h n i q u e  f o r  o r t h o g o n a l  f a c t o r  m o d e l s .  The r e  was 
e v i d e n c e  o f  a  r e a s o n a b l e  f i t  f o r  b o t h  mo de l s .  Compa r i son  o f  t h e  two 
models  r e v e a l e d  t h a t  a c a demi c  e x p e r i e n c e  and p r e p a r a t i o n  were  c l e a r l y  
t h e  two mos t  i m p o r t a n t  f a c t o r s  i n  e x p l a i n i n g  v a r i a n c e  in  c a l c u l u s  
a c h i e v e m e n t  f o r  b o t h  ma l e s  and f e m a l e s ,  w h i l e  t h e  a f f e c t i v e  and 
c o g n i t i v e  f a c t o r s  c o n t r i b u t e d  v e r y  l i t t l e  t o  v a r i a n c e  i n  c a l c u l u s  
a c h i e v e m e n t .  The mos t  p r o f o u n d  d i f f e r e n c e s  b e t wee n  ma l e s  and f e m a l e s  
were found  i n  t h e  a f f e c t i v e  doma in ,  w i t h  t h e  e f f e c t s  o f  p e r c e i v e d  
u s e f u l n e s s  o f  m a t h e m a t i c s  on o t h e r  a f f e c t i v e  v a r i a b l e s  b e i n g  much 
s t r o n g e r  f o r  ma l es  t h a n  f e m a l e s .  S l i g h t  sex d i f f e r e n c e s  were  f o u n d  i n  
t h e  c o r r e l a t i o n a l  s t r u c t u r e  o f  c o g n i t i v e  m e a s u r e s .  The r e s u l t s  i m p l i e d  
t h a t ,  a t  l e a s t  a t  t h e  l e v e l  o f  c o l l e g e  c a l c u l u s ,  s p e c i a l  p rog r ams  a imed 
towar ds  c h an g i n g  a t t i t u d e s ,  o r  t o wa r ds  i mpr ov i ng  c o g n i t i v e  s k i l l s  such 
as  s p a t i a l  a b i l i t y ,  s h o u l d  n o t  be e x p e c t e d  t o  have  a t r a n s f e r  e f f e c t  t o  
c a l c u l u s  a c h i e v e m e n t .
CHAPTER I
VARIABLES RELATED TO SEX DIFFERENCES 
IN MATHEMATICS ACHIEVEMENT AND PARTICIPATION—
NATURE, SCOPE, AND PURPOSE OF THE STUDY
Many f a c t o r s  have been s u g g e s t e d  as  b e i n g  r e l a t e d  t o  m a t h e m a t i c s  
a c h i e v e m e n t .  B i o l o g i c a l ,  s o c i o l o g i c a l ,  c o g n i t i v e  and a f f e c t i v e  
p s y c h o l o g i c a l  v a r i a b l e s ,  a s  we l l  a s  e d u c a t i o n a l  v a r i a b l e s  have been
s t u d i e d  i n  a t t e m p t s  t o  b e t t e r  u n d e r s t a n d  i n d i v i d u a l  d i f f e r e n c e s  in t h e  
l e a r n i n g  o f  m a t h e m a t i c s  (Fennema & Behr ,  19 8 0 ) .  Such r e s e a r c h  has
r e l e v a n c e  t o  t h e  m a t h e m a t i c s  e d u c a t o r  b o t h  i n  t e rms  o f  p r e d i c t i n g  
f u t u r e  m a t h e m a t i c s  a c h i e v e m e n t  and d e c i d i n g  how b e s t  t o  i n t e r v e n e  in 
o r d e r  t o  improve  m a t h e m a t i c s  l e a r n i n g .
The r o l e  - t h e s e  v a r i a b l e s  p l a y  in  i n f l u e n c i n g  academi c  c h o i c e ,
p a r t i c u l a r l y  t h e  e l e c t i o n  o f  m a t h em a t i c s  c o u r s e s  a t  t h e  s e c o n d a r y  and
c o l l e g e  l e v e l s ,  i s  a l s o  o f  i n t e r e s t .  Obse rved  group  d i f f e r e n c e s  in
m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n  be t ween males  and f e m a l e s  and 
t h e  d i s p r o p o r t i o n a t e l y  low r e p r e s e n t a t i o n  o f  women i n  s c i e n t i f i c  and 
t e c h n i c a l  c a r e e r s  has  p rompt ed  r e s e a r c h  aimed a t  f i n d i n g  t h e  s o u r c e s  o f  
t h e s e  d i f f e r e n c e s  and e x p l a i n i n g  how t h e y  a f f e c t  academi c  and c a r e e r  
c h o i c e s  (Meece,  P a r s o n s ,  e t  a l . ,  1982) .  Th i s  i s  o f  c o n ce r n  n o t  o n l y  t o  
t h e  m a t h e m a t i c s  e d u c a t i o n  community b u t  a l s o  t o  r e s e a r c h e r s  s t u d y i n g
t h e  i n t e l l e c t u a l  and c a r e e r  d e v e l opmen t  o f  women.
1
When me a su r e men t s  o f  a v a r i a b l e  a r e  found  t o  be c o r r e l a t e d  w i t h  
me asurement s  o f  m a t h e m a t i c s  a c h i e v e m e n t ,  t h e n  t h a t  v a r i a b l e  n a t u r a l l y  
comes u nde r  s c r u t i n y  as  a p o s s i b l e  s o u r c e  o f  i n d i v i d u a l  d i f f e r e n c e s  
o b s e r v e d  i n  m a t h e m a t i c s  a c h i e v e m e n t .  I t  i s  a l s o  n a t u r a l  t o  a s k  wh e t h e r  
o r  n o t  t h e r e  a r e  sex d i f f e r e n c e s  i n  t h e  me asu r e s  o f  t h i s  v a r i a b l e .  I f  
t h e r e  a r e ,  t h e n  t h i s  v a r i a b l e  mi gh t  h e l p  a c c o u n t  f o r  o r  e x p l a i n  sex 
d i f f e r e n c e s  i n  m a t h e m a t i c s  a c h i e v e m e n t .  S i m i l a r l y ,  v a r i a b l e s  r e l a t e d  
t o  i n d i v i d u a l  d i f f e r e n c e s  in  m a t h e m a t i c s  p a r t i c i p a t i o n  a r e  o f  i n t e r e s t  
in s t u d y i n g  sex d i f f e r e n c e s  i n  m a t h e m a t i c s  p a r t i c i p a t i o n .  There  i s  a 
c l e a r  c o n n e c t i o n  be t ween  m a t h e m a t i c s  p a r t i c i p a t i o n  and c a r e e r  o p t i o n s ,  
s i n c e  t r a i n i n g  in  m a t h e m a t i c s  i s  a p r e r e q u i s i t e  f o r  e n t r y  i n t o  many 
t e c h n o l o g i c a l  and s c i e n t i f i c  f i e l d s .  S t u d e n t s  who choose  n o t  t o  p u r s ue  
c ou r s e wor k  in  m a t h e m a t i c s  beyond g e n e r a l  r e q u i r e m e n t s  e f f e c t i v e l y  
e l i m i n a t e  many c a r e e r  o p t i o n s  f o r  t h e m s e l v e s .  Th i s  has  l e d  some t o  
r e f e r  t o  r .-athemati  cs  a s  a " c r i t i c a l  f i l t e r "  which p r e v e n t s  many 
s t u d e n t s  f rom p u r s u i n g  a n d / o r  a t t a i n i n g  c e r t a i n  c a r e e r  g o a l s  ( C a s s e r l y  
& Rock,  1980;  S e l l s ,  19 7 6 ) .  In g e n e r a l ,  women e l e c t  t o  t a k e  f ewer  
m a t h e m a t i c s  c o u r s e s  t h a n  men,  and hence  women a r e  u n d e r r e p r e s e n t e d  in  
t h o s e  c a r e e r s  which make t h e  mos t  u s e  o f  m a t h e m a t i c s .
The t e n d e n c y  f o r  women t o  e l e c t  f ew e r  m a t h e ma t i c s  c o u r s e s  t ha n  
men has  been t h e  f o c u s  o f  an i n c r e a s i n g  amount  o f  r e s e a r c h  in t h e  l a s t  
decade  ( Ar ms t r on g ,  1981;  Boswel l  & K a t z ,  1980;  Brush ,  1979;  C a s s e r l y  & 
Rock,  1980;  Fox,  1982;  Fox,  1979;  H a c k e t ,  1981;  Hacke t  & B e t z ,  1982;  
Lyons ,  1980;  Meece e t  a l . ,  1982;  Pedro  e t  a l . ,  1981;  Pe d r o  e t  a l . ,  
1980;  Peng & J a f f e ,  1979;  P e r l ,  1982;  Sherman,  1981;  Sherman & Fennema,
1977;  S t e e l  & Wise,  1978;  Wise e t  a l . ,  1979;  Wise,  1978) .  The goa l  o f  
t h i s  r e s e a r c h  has  been  t o  p r o v i d e  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  
v a r i a b l e s  r e l a t e d  t o  a c a d e mi c  c h o i c e  and m a t h e m a t i c s  a c h i e v e m e n t  w i t h  
r e s p e c t  t o  ma les  and f e m a l e s .  From t h i s  r e s e a r c h  one g a t h e r s  t h a t  
t h e r e  a r e  many v a r i a b l e s  c o r r e l a t e d  w i t h  m a t h e m a t i c s  a c h i e v e m e n t  and 
p a r t i c i p a t i o n .  Some o f  t h e s e  v a r i a b l e s ,  such as  g e n e t i c  t r a i t s  and 
c e r t a i n  s o c i a l  i n f l u e n c e s ,  a r e  n o t  r e a s o n a b l y  w i t h i n  t h e  scope  o f  
i n t e r v e n t i o n  e f f o r t s  by m a t h e m a t i c s  e d u c a t o r s .  However ,  s e v e r a l  
v a r i a b l e s  c ou l d  be s u b j e c t  t o  change  t h r o u g h  i n t e r v e n t i o n .
In p a r t i c u l a r ,  t h e r e  a r e  s e v e r a l  c o g n i t i v e  and a f f e c t i v e  
p s y c h o l o g i c a l  v a r i a b l e s  which a r e  c o r r e l a t e d  w i t h  m a t h e m a t i c s  
a c h i e v e m e n t  a n d / o r  m a t h e m a t i c s  p a r t i c i p a t i o n ,  and some o f  t h e s e  may be 
a l t e r a b l e  by a c t i o n s  t a k e n  by t h e  m a t h e m a t i c s  e d u c a t o r .  Some o f  t h e  
c o g n i t i v e  v a r i a b l e s  which have r e c e i v e d  s p e c i a l  a t t e n t i o n  a r e :  g e n e r a l
i n t e l l i g e n c e ,  v e r b a l  and l o g i c a l  r e a s o n i n g  a b i l i t i e s ,  s p a t i a l  a b i l i t y ,  
and c o g n i t i v e  s t y l e s  such  as  f i e l d  i n d e p e n d e n c e /  f i e l d  d e p e n de n c e .  
Some o f  t h e  a f f e c t i v e  v a r i a b l e s  which have been c o n s i d e r e d  a r e :  
a n x i e t y  (which c o u l d  be o f  many d i f f e r e n t  t y p e s — a n x i e t y  t oward  
m a t h e m a t i c s ,  s t a t e  a n x i e t y ,  g e n e r a l  a n x i e t y ,  t e s t  a n x i e t y ,  f a c i l i t a t i n g  
a n x i e t y ,  d e b i l i t a t i n g  a n x i e t y ) ,  c o n f i d e n c e ,  e f f e c t a n c e  m o t i v a t i o n ,  
e x p e c t a t i o n  o f  s u c c e s s ,  s e l f - c o n c e p t  ( b o t h  a c t u a l  and i d e a l ) ,  
a l i e n a t i o n ,  e x t r a v e r s i o n - i n t r o v e r s i o n , f e a r  o f  s u c c e s s ,  s e l f - e s t e e m ,  
t h e  s t e r e o t y p i n g  o f  m a t h e m a t i c s  as  a male domain ,  p e r c e i v e d  u s e f u l n e s s  
o f  m a t h e m a t i c s ,  and l o c u s  o f  c o n t r o l  ( c a u s a l  a t t r i b u t i o n ) .  N e i t h e r  o f  
t h e s e  l i s t s  i s  i n t e n d e d  t o  be e x h a u s t i v e .  Aiken has a u t h o r e d  r e v i e w s
on a t t i t u d e s  t o wa r ds  m a t h e m a t i c s  and o t h e r  a f f e c t i v e  o r  
n o n - i n t e l l e c t i v e  v a r i a b l e s  ( 1 9 7 0 a ,  1970b,  1976) as  wel l  a s  on
i n t e l l e c t i v e  v a r i a b l e s  and l a n g u a g e  f a c t o r s  ( 1 9 7 1 ,  1972) .  Fennema has 
w r i t t e n  p a p e r s  summar i z ing  t h e  r e s e a r c h  i n t o  t h e  p o s s i b l e  i n f l u e n c e s  
c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s  have i n  e x p l a i n i n g  i n d i v i d u a l  
d i f f e r e n c e s  ( w i t h  Be h r ,  1980) and sex d i f f e r e n c e s  (1977)  in m a t h e ma t i c s  
a c h i e v e m e n t .  For  a r e v i e w  o f  t h e  m a t h e m a t i c s  e d u c a t i o n  r e s e a r c h  on 
s p a t i a l  a b i l i t i e s  s ee  Bi shop ( 1 9 8 0 ) .  Wi tk i n  (1976)  summar izes  t h e  
r e s e a r c h  on and e d u c a t i o n a l  i m p l i c a t i o n s  o f  c o g n i t i v e  s t y l e s .  An 
e x c e l l e n t  g e n e r a l  r e v i e w  o f  t h e  r e s e a r c h  on sex d i f f e r e n c e s  in 
ma t h e ma t i c s  a c h i e v e m e n t  and academi c  c h o i c e  i s  g iv e n  in  Meece,  P a r s o n s ,  
e t .  a l .  ( 1 9 8 2 ) .
A t h e o r y  which p r o p o s e s  t o  e x p l a i n  i n d i v i d u a l  d i f f e r e n c e s  and ,  
i n  p a r t i c u l a r ,  a c c o u n t  f o r  sex d i f f e r e n c e s  in  ma t h e ma t i c s  a c h i e v em e n t  
and p a r t i c i p a t i o n  mus t  t a k e  i n t o  a c c o u n t  t h e s e  c o g n i t i v e  and a f f e c t i v e  
v a r i a b l e s .  In  d e v e l o p i n g  such a t h e o r y ,  r e s e a r c h  can be aimed toward  
a n s we r i n g  one  o r  b o t h  o f  t h e  f o l l o w i n g  k i n d s  o f  q u e s t i o n s :
1) q u e s t i o n s  o f  s o u r c e :
Are sex d i f f e r e n c e s  in m a t h e m a t i c s  a c h i e v e m e n t  a n d / o r  
p a r t i c i p a t i o n  p r i m a r i l y  g e n e t i c a l l y  s e x - l i n k e d  o r  due t o  d i f f e r e n t i a l  
e n v i r o n m e n t a l  c o n d i t i o n s  and e x p e r i e n c e s ?  Are any sex d i f f e r e n c e s  in 
t h e  r e l a t e d  c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s  due t o  g e n e t i c  o r  
e n v i r o n m e n t a l  i n f l u e n c e s ?  When do t h e s e  sex d i f f e r e n c e s  become 
a p p a r e n t ?  Are t h e  sex d i f f e r e n c e s  o b s e r v e d  i n  any o f  t h e s e  v a r i a b l e s
r e s p o n s i b l e  f o r  t h e  sex d i f f e r e n c e s  o b s e r v e d  in  m a t h e m a t i c s  a c h i e v e m e n t  
and p a r t i c i p a t i o n ?
2) q u e s t i o n s  o f  s t r u c t u r e :
What i s  t h e  u n d e r l y i n g  s t r u c t u r e  o f  t h e  c o r r e l a t i o n s  be tween 
t h e s e  c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s  and m a t h em a t i c s  a c h i e v e m e n t  and 
p a r t i c i p a t i o n ?  I s  t h i s  s t r u c t u r e  d i f f e r e n t  f o r  ma l es  and f e m a l e s ?  
What a r e  t h e  r e l a t i v e  s t r e n g t h s  o f  t h e  i n f l u e n c e s  t h e s e  v a r i a b l e s  have 
on each o t h e r  and on m a t h e m a t i c s  a c h i e v em e n t  and p a r t i c i p a t i o n ?
Q u e s t i o n s  o f  s o u r c e  and s t r u c t u r e  a r e  n o t  u n r e l a t e d .  We w i l l  
b r i e f l y  r ev i e w  some o f  t h e  r e s e a r c h  l i t e r a t u r e  on t h e  q u e s t i o n s  o f  
so u r ce  by c o n s i d e r i n g  some p o s s i b l e  t h e o r e t i c a l  f r ameworks  f o r  
u n d e r s t a n d i n g  t h e s e  q u e s t i o n s .  The e v i d e n c e  s u p p o r t i n g  t h e s e  t h e o r i e s  
and t h e i r  i m p l i c a t i o n s  f o r  r e s e a r c h  a l s o  w i l l  be d i s c u s s e d .
On t h e  o t h e r  hand ,  t h e r e  seems t o  be l i t t l e  o r  no r e s e a r c h  which 
has a t t e m p t e d  t o  s t u d y  t h e  s t r u c t u r e  o f  t h e  c o r r e l a t i o n s  o f  a 
comprehens i ve  s e t  o f  c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s  r e l a t e d  t o  
ma t he ma t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n .  What a r e  needed  a r e  
t h e o r e t i c a l  model s  which e x p l a i n  b o t h  t h e  i n t e r r e l a t i o n s h i p s  among t h e  
r e l e v a n t  v a r i a b l e s  and t h e i r  r e l a t i o n s h i p s  t o  m a t h e m a t i c s  a c h i e v e m e n t  
and p a r t i c i p a t i o n ,  in ways t h a t  c ou l d  b e t t e r  g u i d e  s u b s e q u e n t  r e s e a r c h  
and i n t e r v e n t i o n  e f f o r t s .
The p r e s e n t  s t u d y  f o c u s e s  on t h e s e  q u e s t i o n s  o f  s t r u c t u r e  and 
makes an a t t e m p t  t o  d e v e l o p  such mode l s .  We w i l l  r e v i e w  t h e  r e s e a r c h  
i n d i c a t i n g  which c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s  h o l d  t h e  most  
p romi se  in u n d e r s t a n d i n g  bo t h  i n d i v i d u a l  and sex d i f f e r e n c e s  in
m a t he m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n .  The a p p r o a c h  t o  
u n d e r s t a n d i n g  t h e  c o r r e l a t i o n a l  s t r u c t u r e  o f  me asu r e men t s  o f  t h e s e  
v a r i a b l e s  i s  t h a t  o f  c a u s a l  m o d e l i n g ,  which has  been r e f e r r e d  t o  as  a 
" s t a t e - o f - t h e - a r t "  t e c h n i q u e  f o r  o b s e r v a t i o n a l  e d u c a t i o n a l  s t u d i e s  
( Co o l e y ,  in J o r e s k o g  & Sorbom,  1979 ) .  But  b e f o r e  d i s c u s s i n g  t h i s  any 
f u r t h e r ,  l e t  us f i r s t  t a k e  a l ook  a t  some t h e o r i e s  which a t t e m p t  t o  
e x p l a i n  t h e  s o u r c e s  o f  sex  d i f f e r e n c e s  i n  m a t h e m a t i c s  a c h i e v e m e n t  and 
p a r t i c i p a t i o n .
An I n n a t e - A b i  1 i t.y Theory
One t h e o r y  which c ou l d  e x p l a i n  b o t h  lower  a c h i e v e m e n t  and l e s s  
p a r t i c i p a t i o n  in m a t h e m a t i c s  by women can be d e s c r i b e d  v e r y  s i m p l y :  
women a r e  i n n a t e l y  i n f e r i o r  t o  men i n  m a t h e m a t i c a l  a b i l i t y .  T h e r e f o r e  
women do n o t  s c o r e  a s  h i gh  as  men on me a su r e s  o f  m a t h e m a t i c s  
a c h i e v e m e n t .  N a t u r a l l y  women would make academi c  c h o i c e s  which r e f l e c t  
t h e i r  s t r e n g t h s ,  m a t h e m a t i c a l  a b i l i t y  n o t  b e i n g  one o f  them.  And,  o f  
c o u r s e ,  a m a j o r i t y  o f  women choose  n o n - m a t h e m a t i c a l  l y  o r i e n t e d  c a r e e r s  
f o r  t h e  same r e a s o n .
Thi s  a rgument  i m p l i e s  t h a t  r e s e a r c h  on sex d i f f e r e n c e s  in 
m a t he m a t i c s  a c h i e v e m e n t  would b e s t  be d i r e c t e d  t owar d  f i n d i n g  e x a c t l y  
which b i o l o g i c a l  v a r i a b l e s  a c c o u n t  f o r  t h e s e  i n n a t e  d i f f e r e n c e s  and 
o u t l i n i n g  t h e  d e v e l o p m e n t a l  p a t t e r n s  d e s c r i b i n g  how t h e s e  d i f f e r e n c e s  
emerge .  Some b i o l o g i c a l  v a r i a b l e s  which have been c o n s i d e r e d  a r e  b r a i n  
o r g a n i z a t i o n  o r  l a t e r a l i z a t i o n  ( L u c h i n s ,  1981;  McGlone,  1980)  and 
hormonal  d i f f e r e n c e s  ( H a r r i s ,  1975;  Ware,  1982;  W i t t i g  & P e t e r s e n ,
1979) .  But  t h e  r e s e a r c h  i n t o  t h e  e f f e c t s  o f  t h e s e  v a r i a b l e s  on 
m a t he m a t i c s  a c h i e v e m e n t ,  e s p e c i a l l y  i n  e x p l a i n i n g  sex d i f f e r e n c e s ,  i s  
f a r  f rom c o n c l u s i v e  ( H a r r i s ,  1975;  L u c h i n s ,  1981;  Sherman,  1977) .  In  
r e v i e w i n g  t h e  l i t e r a t u r e  on p o s s i b l e  b i o l o g i c a l  s o u r c e s  o f  sex 
d i f f e r e n c e s  in  m a t h e m a t i c s  a c h i e v e m e n t  and c o u r s e  e n r o l l m e n t ,  Meece,  
P a r s o n s ,  e t  a l . ( 1982)  n o t e d  t h a t  sex d i f f e r e n c e s  do n o t  a p p e a r  in  any 
c o n s i s t e n t  p a t t e r n  on e i t h e r  t e s t s  o f  q u a n t i t a t i v e  s k i l l s  o r  s p a t i a l  
s k i l l s  p r i o r  t o  t h e  t e n t h  g r a d e .  Thus ,  i f  m a t h e m a t i c s  a b i l i t y  i s  
i nde ed  g e n e t i c a l l y  s e x - l i n k e d ,  t h e n  t h e  d i f f e r e n c e s  be tween males  and 
f e m a l e s  d e v e l o p  a r o u n d  t h i s  t i m e .  In  summary,  t h i s  t h e o r y  s i mp l y  
m a i n t a i n s  t h a t  s e x - l i n k e d  d i f f e r e n c e s  i n  i n n a t e  m a t h e m a t i c a l  a b i l i t y  
a r e  ma j o r  s o u r c e s  o f  o b s e r v e d  d i f f e r e n c e s  i n  b o t h  m a t h e m a t i c s  
a c h i e v e m e n t  and p a r t i c i p a t i o n .
A D i f f e r e n t i a l  P a r t i c i p a t i o n  Theory 
As j u s t  n o t e d ,  c o n s i s t e n t  d i f f e r e n c e s  in m a t h e m a t i c s  a c h i e v e m e n t  
do n o t  f a v o r  ma l es  u n t i l  a r o u n d  t h e  t e n t h  g r a d e .  We a l s o  n o t e  t h a t
t h i s  i s  p r e c i s e l y  t h e  t i me  when,  f o r  mos t  s t u d e n t s ,  m a t h e m a t i c s  c o u r s e s  
become e l e c t i v e  r a t h e r  t h a n  r e q u i r e d .  Males choose  more m a t h e m a t i c a l l y  
o r i e n t e d  c a r e e r s  t h a n  f e m a l e s .  For  exampl e ,  d u r i n g  t h e  f a l l  1983
s e m e s t e r  a t  t h e  U n i v e r s i t y  o f  New Hampshi r e ,  o v e r  1200 s t u d e n t s
e n r o l l e d  in f r e shman  c a l c u l u s .  A p p r o x i ma t e l y  45% o f  t h e s e  s t u d e n t s
were women. However ,  o n l y  25% o f  t h e s e  women were e n r o l l e d  in  t h e  
C o l l e g e  o f  E n g i n e e r i n g  and P h y s i c a l  S c i e n c e s ,  w h i l e  50% o f  t h e  male 
c a l c u l u s  s t u d e n t s  were e n r o l l e d  in t h i s  c o l l e g e .
A p a r t i c i p a t i o n  t h e o r y  would m a i n t a i n  t h a t  t h e r e  a r e  no i n n a t e  
d i f f e r e n c e s  be tween ma l es  and f e m a l e s  as  f a r  a s  m a t h e ma t i c s  a b i l i t y  i s  
c o n c e r n e d ,  b u t  t h a t  d i f f e r e n c e s  i n  c o u r s e - t a k i n g  b e h a v i o r  u n d e r l i e  
d i f f e r e n t i a l  a c h i e v e m e n t  and h i g h e r  l e v e l  p a r t i c i p a t i o n .  Hence i t  i s  
n o t  an a c c i d e n t a l  c o i n c i d e n c e  t h a t  males  s t a r t  t o  s c o r e  h i g h e r  t h a n  
f e m a l e s  on me a s u r e s  o f  m a t h e m a t i c s  a c h i e v e m e n t  a t  t h e  uppe r  s e c o n d a r y  
and c o l l e g e  l e v e l s .  R a t h e r ,  i t  i s  t h e  l o g i c a l  c on s eq u e n c e  o f  males  
p a r t i c i p a t i n g  in  more m a t h e m a t i c s - r e l a t e d  a c t i v i t y  t h a n  f e m a l e s .
Such an a r gume nt  i m p l i e s  t h a t  r e s e a r c h  s h o u l d  f o c u s  on t h e  
s o u r c e s  o f  t h i s  d i f f e r e n t i a l  c o u r s e - t a k i n g  b e h a v i o r ,  s i n c e  t h e s e  same 
s o u r c e s  would a u t o m a t i c a l l y  e x p l a i n  s e x - d i f f e r e n c e s  in m a t h e m a t i c s  
a c h i e v e m e n t .  These  s o u r c e s  mi gh t  have l i t t l e  t o  do wi t h  m a t h e m a t i c s  
a c h i e v em e n t  d i r e c t l y  and may be p r e d o m i n a n t l y  s o c i o - c u l t u r a l  in 
n a t u r e .  One such c l a s s  o f  v a r i a b l e s  which has  been c o n s i d e r e d  has  been 
t h a t  o f  s o c i a l i z i n g  i n f l u e n c e s .  A s o c i a l i z e r  can be t h o u g h t  o f  as  a 
p e r s o n  o r  e x p e r i e n c e  which t r a n s m i t s  c u l t u r a l  s t a n d a r d s  and 
e x p e c t a t i o n s  t o  an i n d i v i d u a l .  Some r e s e a r c h e r s  s u g g e s t  t h a t  ma les  and 
f e m a l e s  a r e  s u b j e c t e d  t o  d i f f e r e n t  s o c i a l  l e a r n i n g  e x p e r i e n c e s .  A 
co m p r e h e n s i v e  b i b l i o g r a p h y  on t h e  l i t e r a t u r e  r e g a r d i n g  sex r o l e  
s o c i a l i z a t i o n  has  been p r e p a r e d  by S a f i 1i o s - R o t h s c h i I d  ( 1 9 7 9 ) .  Some o f  
t h e s e  d i f f e r e n t  e x p e r i e n c e s  may i n f l u e n c e  t h e  p e r c e i v e d  i m p o r t a n c e  and 
u t i l i t y  o f  m a t h e ma t i c s  a s  wel l  as  t h e  a p p r o p r i a t e n e s s  o f  e n g a g i n g  in 
m a t h e m a t i c s - r e l a t e d  a c t i v i t y .
O t h e r  s i g n i f i c a n t  p e o p l e  in a c h i l d ' s  academi c  e n v i r o n m e n t ,  such 
as  t e a c h e r s  and p a r e n t s ,  may t r a n s m i t  t h e i r  own s t e r e o t y p e s  and
a t t i t u d e s  a b o u t  m a t h e m a t i c s  t o  t h e  c h i l d .  I f  t h e s e  s t e r e o t y p e s  and 
a t t i t u d e s  c a r r y  n e g a t i v e  mess ages  t o  g i r l s  and women a b o u t  m a th em a t i c s  
t h e n  t h i s  c o u l d  e x p l a i n  d i f f e r e n t i a l  p a r t i c i p a t i o n  i n  m a t h e m a t i c s  
between males  and f e m a l e s .  Th i s  p o s s i b i l i t y  has  l e d  t o  t h e  
c o n s t r u c t i o n  o f  a t t i t u d e  me asu r e s  which p e r t a i n  s p e c i f i c a l l y  t o  t h e s e  
i n f l u e n c e s ;  f o r  e x a mp l e ,  t h e  Fennema-Sherman M a t h e ma t i c s  A t t i t u d e  
S c a l e s  (Fennema & Sherman,  1976) i n c l u d e  s e p a r a t e  s c a l e s  f o r  m e a s u r i n g  
a c h i l d ' s  p e r c e p t i o n s  o f  m o t h e r ,  f a t h e r ,  and t e a c h e r .
The a b s e n c e  o f  f e m a l e  r o l e  model s  may in  i t s e l f  d i s c o u r a g e  women 
f rom p u r s u i n g  m a t h e m a t i c s - r e l a t e d  a c t i v i t y  (Brody & Fox,  1980;  Tobin & 
Fox,  1980) .  There  i s  d a t a  i n d i c a t i n g  t h a t  f e m a l e  s t u d e n t  t e a c h e r s  and 
c o l l e g e - e d u c a t e d  mo t he r s  h o l d  more n e g a t i v e  v i ews  o f  t h e i r  m a t h e m a t i c s  
a b i l i t i e s  t h a n  t h e i r  male  c o u n t e r p a r t s  ( A i k e n ,  1970;  P a r s o n s ,  A d l e r ,  & 
K a c z a l a ,  in  p r e s s ,  c i t e d  in  Meece e t  a l . ,  1982 ) .  The e x p e c t a t i o n s  
s i g n i f i c a n t  o t h e r s  have and t h e  d i f f e r e n t  e x p e r i e n c e s  t h e y  p r o v i d e  f o r  
c h i l d r e n  a l s o  have been i n v e s t i g a t e d  as  s o u r c e s  f o r  d i f f e r i n g  
ma t h e ma t i c s  a c h i e v e m e n t  (Meece,  P a r s o n s ,  e t  a l . ,  1982) .  In summary,  
t h i s  t h e o r y  m a i n t a i n s  t h a t  ma les  and f e m a l e s  a r e  s u b j e c t  t o  d i f f e r e n t  
e n v i r o n m e n t a l  i n f l u e n c e s  and hence  choose  t o  p a r t i c i p a t e  a t  d i f f e r e n t  
l e v e l s  o f  m a t h e m a t i c a l  a c t i v i t y  such as  academi c  c o u r s e - t a k i n g .  Thi s  
d i f f e r e n t i a l  p a r t i c i p a t i o n  i n  t u r n  e x p l a i n s  d i f f e r e n t i a l  a c h i e v e m e n t .
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The two t h e o r i e s  j u s t  d i s c u s s e d  h o l d  v e r y  d i f f e r e n t  i m p l i c a t i o n s  
f o r  r e s e a r c h .  What e x i s t i n g  e v i d e n c e  i s  t h e r e  t o  s u p p o r t  each  o f  t h e s e  
t h e o r i e s ?  I f  sex d i f f e r e n c e s  in m a t h e m a t i c s  a c h i ev e me n t  a r e  s t i l l  
o b s e r v e d  a f t e r  c o n t r o l l i n g  f o r  m a t h e m a t i c s  cour s ework  ( e i t h e r  by 
e x p e r i m e n t a l  d e s i g n  o r  by s t a t i s t i c a l l y  p a r t i a l l i n g  o u t  t h e  amount  o f  
m a t h e m a t i c s  cou r se wo r k  t a k e n )  t h e n  one mi gh t  f e e l  t h a t  t he  f i r s t  t h e o r y  
was t h e  more p l a u s i b l e .  I f  t h e  sex d i f f e r e n c e s  d i s a p p e a r e d  a f t e r  
c o n t r o l l i n g  f o r  d i f f e r e n t i a l  p a r t i c i p a t i o n  in ma t he ma t i c s  t h e n  t h e  
second  t h e o r y  mi gh t  seem more p l a u s i b l e .  I f  a r e s e a r c h  s t u d y  f a i l s  t o  
c o n t r o l  f o r  d i f f e r e n t i a l  p a r t i c i p a t i o n  t h e n  i t  would be d i f f i c u l t  t o  
use  i t  t o  s u p p o r t  e i t h e r  t h e o r y  c o n v i n c i n g l y .
One can f i n d  e v i d e n c e  s u p p o r t i n g  bo t h  t h e o r i e s .  K i r s c h n e r  
(1982)  r e v i e we d  m a t h e m a t i c s  e d u c a t i o n  r e s e a r c h  which i n d i c a t e d  t h e r e  
were no i n h e r e n t  f a c t o r s  which p r e v e n t  f e m a l e s  f rom l e a r n i n g  
m a t h e m a t i c s  a t  t h e  same l e v e l  as  ma l e s .  S t e e l  and Wise (1978)  a n a l y z e d  
d a t a  f rom t h e  l a r g e  P r o j e c t  T a l e n t  d a t a  bas e  and found t h a t  v i r t u a l l y  
a l l  sex d i f f e r e n c e s  in m a th em a t i c s  a c h i ev em e n t  cou l d  be e x p l a i n e d  by 
sex d i f f e r e n c e s  i n  p a r t i c i p a t i o n  in  h i g h  school  m a t h e m a t i c s .
However,  o t h e r  r e v i e w s  o f  t h e  r e s e a r c h  have i n d i c a t e d  t h a t  
s e x - r e l a t e d  d i f f e r e n c e s  e x i s t  even a f t e r  c o n t r o l l i n g  f o r  m a t h em a t i c s  
background  ( S c h o n b e r g e r , 1978) .  Arms t rong  (1981)  r e p o r t e d  on t he
r e s u l t s  o f  two n a t i o n a l  s u r v e y s  which a l s o  i n d i c a t e d  a p e r s i s t e n c e  o f  
sex d i f f e r e n c e s  in  m a t h e m a t i c s  a c h i e v e m e n t  even a f t e r  d i f f e r e n t  l e v e l s  
o f  m a th e ma t i c s  p a r t i c i p a t i o n  were c o n t r o l l e d .  Benbow and S t a n l e y ' s
r e s e a r c h  w i t h  g i f t e d  c h i l d r e n  has  o f t e n  been c i t e d  in  s u p p o r t  o f  
g e n e t i c a l l y  s e x - l i n k e d  d i f f e r e n c e s  ( s e e  Benbow & S t a n l e y ,  1980,  1981,  
1982a,  1982b,  1983) .  T h e i r  work i n v o l v e d  s t u d e n t s  a t  t h e  j u n i o r - h i g h  
l e v e l ,  s up p o s e d l y  b e f o r e  m a t h e m a t i c s  p a r t i c i p a t i o n  had become 
d i f f e r e n t i a l .  They s u g g e s t e d  t h e  m a t h e m a t i c s  a c h i e v e m e n t  d i f f e r e n c e s  
f a v o r i n g  males  a r e  p r o f o u n d  enough t h a t  t h e y  may be a t  l e a s t  p a r t i a l l y  
g e n e t i c a l l y  s e x - l i n k e d .  They a l s o  n o t e d  t h a t  t h e s e  d i f f e r e n c e s  emerge 
e a r l i e r  in  g i f t e d  h i gh  m a t h - a b i l i t y  s t u d e n t s .  F u r t h e r m o r e ,  t h e y  p o i n t  
o u t  t h a t  t he  d i f f e r e n c e s  a r e  most  marked a t  t h e  e x t r e me  upper  end o f  
t h e  d i s t r i b u t i o n .
Thus we can see  t h a t  t h e  " n a t u r e - n u r t u r e "  d e b a t e  i s  t h r i v i n g  
w i t h  r e g a r d s  t o  sex d i f f e r e n c e s  in m a t h e m a t i c s  a c h i e v e m e n t .  C e r t a i n l y  
m a t h e ma t i c s  a c h i e v e m e n t  i s  i n f l u e n c e d  by bo t h  g e n e t i c  and e n v i r o n m e n t a l  
f a c t o r s .  D e t e r m i n i n g  t h e  r e l a t i v e  s t r e n g t h s  o f  t h e s e  i n f l u e n c e s  w i l l  
keep many r e s e a r c h e r s  busy  f o r  some t i me  t o  come.
C o g n i t i v e  and A f f e c t i v e  V a r i a b l e s  
R e l a t e d  t o  Ma t he ma t i c s  Achievement  and P a r t i c i p a t i o n
One c ou l d  compl a i n  t h a t  bo t h  o f  t h e  two t h e o r i e s  d i s c u s s e d  above 
a r e  t o o  s i m p l i s t i c  and t h a t  t h e y  i g n o r e  t h e  i n f l u e n c e s  o f  o t h e r  
r e l e v a n t  v a r i a b l e s .  For  e xampl e ,  s p a t i a l  a b i l i t y  i s  a c o g n i t i v e  
v a r i a b l e  t h a t  l o g i c a l l y  mi gh t  have  an i n f l u e n c e  on m a t h e m a t i c s  
a c h i e v em e n t  a n d / o r  p a r t i c i p a t i o n ,  g i v e n  t h e  g e o m e t r i c  n a t u r e  o f  some 
a r e a s  o f  m a t h e m a t i c s .  As n o t e d  b e f o r e ,  d i f f e r e n c e s  f a v o r i n g  ma les  on 
t e s t s  o f  s p a t i a l  s k i l l s  do n o t  a p p e a r  w i t h  any c o n s i s t e n c y  u n t i l  t he  
t e n t h  g r a d e .  Thi s  i s  t h e  same l e v e l  a t  which m a t h em a t i c s  a c h i e v e m e n t
d i f f e r e n c e s  a p p e a r  c o n s i s t e n t l y .  Suppose  t h a t  t h e s e  sex d i f f e r e n c e s  in 
s p a t i a l  a b i l i t y  a r e  p r i m a r i l y  g e n e t i c a l l y  b a s e d .  S i nc e  s c o r e s  on
s p a t i a l  t e s t s  and s c o r e s  on m a t h e m a t i c s  a c h i e v e m e n t  t e s t s  a r e
p o s i t i v e l y  c o r r e l a t e d  ( A r ms t r on g ,  1981;  B u r n e t t ,  e t  a l . ,  1979;  Fennema 
& Sherman,  1977 , 1978 ;  Sherman,  1980 ) ,  p e r h a p s  t h e  sex d i f f e r e n c e s  in 
s p a t i a l  a b i l i t y  a c c o u n t  f o r  t h e  sex d i f f e r e n c e s  in m a t h e m a t i c a l
a b i l i t y .  Or sex d i f f e r e n c e s  in s p a t i a l  a b i l i t y  may make c e r t a i n  
m a t h e m a t i c s  c o u r s e s  more a p p e a l i n g  t o  men, which cou l d  r e s u l t  in
d i f f e r e n t i a l  c o u r s e - t a k i n g  and hence  d i f f e r e n t  a c h i e v e m e n t  in 
m a t h e m a t i c s .  I f  t h i s  i s  t r u e ,  t h e n  sex d i f f e r e n c e s  s h o u l d  d i s a p p e a r
f rom m a t h e m a t i c s  a c h i e v e m e n t  s c o r e s  i f  we s t a t i s t i c a l l y  p a r t i a l  o u t
s p a t i a l  s k i l l  d i f f e r e n c e s .
I n d e e d ,  t h i s  has  been t h e  c a s e  ( B u r n e t t  e t  a l . ,  1979;  Fennema & 
Sherman,  1977) .  However ,  t h i s  f a r  f r om s e t t l e s  t h e  i s s u e .  One can
q u e s t i o n  t h e  h y p o t h e s i s  t h a t  sex d i f f e r e n c e s  i n  s p a t i a l  a b i l i t y  a r e  
p r i m a r i l y  g e n e t i c a l l y  b a s e d .  De Wolf  (1981)  found  t h a t  a f t e r  
s t a t i s t i c a l l y  c o n t r o l l i n g  f o r  amount  o f  c o u r s e w o r k  t a k e n ,  sex 
d i f f e r e n c e s  d i s a p p e a r e d  on bo t h  t e s t s  o f  q u a n t i t a t i v e  and s p a t i a l  
a b i l i t y .  There  a r e  s e v e r a l  s t u d i e s  which have d e m o n s t r a t e d  t h a t  
s p a t i a l  s k i l l s ,  a t  l e a s t  as  t h e y  a r e  measured  on many c u r r e n t  t e s t s  o f  
s p a t i a l  a b i l i t y ,  can be improved t h r o u g h  t r a i n i n g  ( B u r n e t t  & Lane,  
1980;  Mundy, 1980) .  Sex d i f f e r e n c e s  in s p a t i a l  s k i l l s  seem t o  v a r y
d e p e n d i ng  on p r e v i o u s  e x p e r i e n c e  w i t h  s p a t i a l  a c t i v i t i e s  ( B u r n e t t  & 
Lane,  1980;  Connor ,  e t  a l . ,  1978;  Connor ,  S e r b i n  & Scharkman,  1977;  
Sherman,  1980) .  One mi gh t  t h i n k  t h a t  r e g a r d l e s s  o f  w h e t h e r  sex
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d i f f e r e n c e s  in  s p a t i a l  a b i l i t y  a r e  i n n a t e ,  due t o  e n v i r o n m e n t a l  
i n f l u e n c e s ,  o r  a c o m b i n a t i o n  o f  b o t h ,  t h e y  s t i l l  h o l d  t h e  key t o  
u n d e r s t a n d i n g  sex d i f f e r e n c e s  in  m a t h e m a t i c s  a c h i e v e m e n t .  But  Fennema 
and Sherman (1977)  f ou n d  t h a t  i f  t h e y  p a r t i a l e d  o u t  a s e t  o f  s c o r e s  
r e p r e s e n t i n g  a t t i t u d e s  t owar d  m a t h e m a t i c s  on which sex d i f f e r e n c e s  were 
o b s e r v e d ,  t h e n  sex d i f f e r e n c e s  in  m a t h e m a t i c s  a c h i e v e m e n t  a l s o  
d i s a p p e a r e d .  Such e v i d e n c e  s u g g e s t s  t h a t  j u s t  as  c o n v i n c i n g  an 
a rgument  c ou l d  be made w i t h  m a t h e m a t i c s  a t t i t u d e s  in  p l a c e  o f  s p a t i a l  
a b i 1i t y .
I t  i s  e q u a l l y  u n c l e a r  as  t o  how o t h e r  c o g n i t i v e  and a f f e c t i v e  
v a r i a b l e s  r e l a t e  t o  m a t he m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n ,  
e s p e c i a l l y  i n  e x p l a i n i n g  sex d i f f e r e n c e s .  A c l e a r  p a t t e r n  o f  sex 
d i f f e r e n c e s  does  n o t  a p p e a r  in g e n e r a l  i n t e l l i g e n c e  as  measu red  by 
v a r i o u s  i n t e l l i g e n c e  t e s t s  t hough  f e m a l e s  seem t o  s c o r e  h i g h e r  on 
me a su r e s  o f  v e r b a l  a b i l i t y ,  and ma les  seem t o  s c o r e  h i g h e r  on me asu r e s  
o f  m a t h e m a t i c a l  a b i l i t y  (Maccoby & J a c k l i n ,  1974) .  Meas ures  o f  v e r b a l  
a b i l i t y  t e n d  t o  c o r r e l a t e  h i g h l y  w i t h  me asu r e s  o f  m a t h e m a t i c a l  a b i l i t y  
(A i k en ,  1971) l e a d i n g  Fennema t o  h y p o t h e s i z e  t h a t  t h e r e  may be a v e r b a l  
f a c t o r  r e l a t e d  t o  m a t h e m a t i c s  t h a t  has  n o t  been measured  s p e c i f i c a l l y  
by t h e  usua l  t e s t s  o f  v o c a b u l a r l y ,  r e a d i n g ,  e t c .  (Fennema,  1977) .
In a d d i t i o n  t o  s p a t i a l  a b i l i t y ,  c o g n i t i v e  s t y l e  has  been a n o t h e r  
c o g n i t i v e  v a r i a b l e  o f  c o n s i d e r a b l e  i n t e r e s t  i n  m a t h e m a t i c s  e d u c a t i o n  
r e s e a r c h  on i n d i v i d u a l  and sex d i f f e r e n c e s  (Fennema & Behr ,  1980;  
Fennema,  1977) .  C o g n i t i v e  s t y l e s  can be d e s c r i b e d  as  " c h a r a c t e r i s t i c  
modes o f  f u n c t i o n i n g "  ( H i t k i n ,  1976) which i n f l u e n c e  p e r c e p t u a l  and
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I n t e l l e c t u a l  a c t i v i t y .  Dimens i ons  which have been i d e n t i f i e d  i n c l u d e  
f i e l d  i n d e p e n d e n c e /  f i e l d  d e p e n d e n c e ,  c o g n i t i v e  c o m p l e x i t y /  s i m p l i c i t y ,  
l e v e l i n g /  s h a r p e n i n g ,  r e f l e c t i o n /  i m p u l s i v i t y ,  r i s k  t a k i n g /  
c a u t i o u s n e s s ,  c o n s t r u c t e d /  f l e x i b l e  c o n t r o l ,  s t r o n g /  weak 
a u t o m a t i z a t i o n ,  c o n c e p t u a l /  p e r c e p t u a l - m o t o r  domi nance ,  and c o n v e r g i n g /  
d i v e r g i n g  ( M e s s i c k ,  1976) .  These c o g n i t i v e  s t y l e s  a r e  g e n e r a l l y  
r e g a r d e d  t o  be on b i p o l a r  con t inuums  and do n o t  r e f l e c t  c o g n i t i v e  
a b i 1i t i e s  as  much as  manners  o f  c o g n i t i v e  f u n c t i o n i n g .
F i e l d  i n d e p e n d e n c e /  f i e l d  dependence  i s  t h e  c o g n i t i v e  s t y l e  
which has  r e c e i v e d  t h e  most  a t t e n t i o n  f rom m a t h e m a t i c s  e d u c a t i o n  
r e s e a r c h e r s ,  a l t h o u g h  Fennema and Behr (1980)  i n d i c a t e  t h a t  r e f l e c t i o n /  
i m p u l s i v i t y  a l s o  may be wor th  a d d i t i o n a l  a t t e n t i o n .  F i e l d  
i n d e p e n de n ce /  f i e l d  d e pende nce  i s  u s u a l l y  u n d e r s t o o d  t o  be on an 
a n a l y t i c a l /  g l o b a l  c on t i nuum o f  p e r c e p t i o n .  I n d i v i d u a l s  n e a r  t h e  f i e l d  
i n d e p e n d e n t  end o f  t h e  c on t i nuum t e n d  t o  be more a n a l y t i c a l  and b e t t e r  
a p t  and a b l e  t o  b r e a k  a p e r c e p t u a l  s i t u a t i o n  i n t o  i t s  component  p a r t s .  
On t he  o t h e r  end o f  t h e  con t i nuum,  f i e l d  d e p e n d e n t  p e r s o n s  t e n d  t o  
p e r c e i v e  s i t u a t i o n s  g l o b a l l y  and a r e  l e s s  a b l e  t o  a n a l y z e  them in  t e rms  
o f  component  p a r t s .  Most  measure s  o f  f i e l d  i n d e p e n d e n c e /  f i e l d  
dependence  a r e  t e s t s  which r e q u i r e  an i n d i v i d u a l  t o  " d i s embe d"  an 
o b j e c t  f rom i t s  s u r r o u n d i n g s  ( ex a m p l e s :  Rod and Frame T e s t ,  Embedded
F i g u r e s  T e s t ;  c f .  Wi t k i n  e t .  a l . ,  1971) .  Because  a c o g n i t i v e  s t y l e  i s  
supposed t o  be r e v e a l e d  " t h r o u g h o u t  o u r  p e r c e p t u a l  and i n t e l l e c t u a l  
a c t i v i t i e s  in  a h i g h l y  c o n s i s t e n t  and p e r v a s i v e  way" ( W i t k i n ,  1976,  p.  
3 9 ) ,  t h e  e d u c a t i o n a l  i m p l i c a t i o n s  c ou l d  be f a r - r e a c h i n g .  Wi t k i n
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s u g g e s t s  t h a t  b o t h  a c h i e v e m e n t  and e d u c a t i o n a l - v o c a t i o n a l  i n t e r e s t s  a r e
i n f l u e n c e d ,  and hence
t h e  w e l 1- d o c u me n t e d  e v i d e n c e  o f  smal l  b u t  p e r s i s t e n t  sex 
d i f f e r e n c e s  i n  f i e l d - d e p e n d e n c e - i n d e p e n d e n c e  among a d u l t s  
s u g g e s t s  t h a t  i t  may be u s e f u l  t o  examine  t h e  i n t e r e s t s  
- c h o i c e s - p e r f o r m a n c e  doma i ns ,  i n  r e l a t i o n  t o  c o g n i t i v e  
s t y l e ,  f o r  men and women s e p a r a t e l y .
( W i t k i n  e t  a l . ,  1977,  p.  51)
However ,  o t h e r  r e s e a r c h e r s  f e e l  t h a t  f i e l d  i n d e p e n d e n c e / f i e l d  
dependence  does  n o t  m e r i t  much i n t e r e s t  as  a c o n s t r u c t  d i s t i n c t  f rom 
g e n e r a l  i n t e l l i g e n c e .  Horn (1976)  goes  as  f a r  as  s u g g e s t i n g  t he  t h e o r y  
be d r o pp ed .  Fennema ( 1977)  has  s u g g e s t e d  t h a t  t h e  a n a l y t i c a l /  g l o b a l  
d i cho tomy may n o t  be u s e f u l  in u n d e r s t a n d i n g  t h e  l e a r n i n g  o f  
m a t h e m a t i c s ,  b u t  c o n c e n t r a t i o n  on some k i n d  o f  v e r b a l /  s p a t i a l  
d i mens i on  mi gh t  be a b e t t e r  f o c u s  f o r  r e s e a r c h .  Because t h e r e  i s  a 
s p a t i a l - v i s u a l  a s p e c t  t o  many o f  t h e  me a s u r e s  used as  i n d i c a t o r s  o f  
f i e l d  i n d e p e n d e n c e /  f i e l d  depende nce  t h e r e  has  been s p e c i a l  i n t e r e s t  t o  
t h e  r e l a t i o n s h i p  be t ween  i t  and s p a t i a l  a b i l i t y  (Khoury & Behr ,  1982;  
S a t t e r l y , 1976,  1979 ) .
There  i s  d i s a g r e e m e n t  a s  t o  t h e  r o l e  a f f e c t i v e  v a r i a b l e s  p l a y  in 
i n f l u e n c i n g  m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n .  Aiken ( 1 9 7 0 a ,  
1976) n o t e d  low b u t  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  be tween a t t i t u d e  
s c o r e s  and m a t h e m a t i c s  a c h i e v e m e n t  s c o r e s .  O t h e r  r e v i e w e r s  c on c l ud e  
t h a t  t h e r e  has  been l i t t l e  r e s e a r c h  e v i d e n c e  c o n v i n c i n g  enough t o  
i n d i c a t e  t h a t  a t t i t u d e s  a r e  an i m p o r t a n t  i n f l u e n c e  on m a t h em a t i c s  
a c h i ev e m e n t  (Suydam & Weaver ,  1975;  C a l l a h a n  & Glennon,  1975;  c i t e d  in 
Fennema,  1977 ) .  I t  seems l o g i c a l  t h a t  a t t i t u d e s  mi gh t  p l a y  a r o l e  in 
d e t e r m i n i n g  aca demi c  c h o i c e s ,  and hence  p e r h a p s  i n d i r e c t l y  i n f l u e n c e
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ma t he ma t i c s  a c h i e v e m e n t .  But  we have  t h e  same prob l em as  b e f o r e  in 
d e t e r m i n i n g  t h e  d i r e c t i o n  o f  c a u s a l  i n f l u e n c e  between t h e s e  v a r i a b l e s .  
That  i s ,  p e r h a p s  a c h i e v e m e n t  and p a r t i c i p a t i o n  in  m a t h e ma t i c s  i n f l u e n c e  
a t t i t u d e s  toward  m a t h e m a t i c s ,  and n o t  t h e  o t h e r  way a r o un d .
In h e r  r e v i e w ,  Fennema (1977)  n o t e s  t h a t  t h e r e  a r e  f l a w s  in 
u s i n g  a g l o b a l  d e f i n i t i o n  o f  " a t t i t u d e  toward  m a t h e m a t i c s "  and t h a t  
i n d i v i d u a l s  can have d i f f e r e n t  f e e l i n g s  t oward  d i f f e r e n t  k i n d s  o f  
ma t h e ma t i c s .  Thi s  has  l e d  t o  t h e  d e ve l opme n t  o f  s e v e r a l  d i f f e r e n t  
a t t i t u d e  s c a l e s  in  an a t t e m p t  t o  measure  s e v e r a l  p o s s i b l y  d i f f e r e n t  
" d i me n s i on s"  o f  a t t i t u d e s  t oward  m a t h e m a t i c s .  Some o f  t h e s e  d i me n s i o n s  
which a p p e a r  t o  i n v o l v e  sex d i f f e r e n c e s  a r e :  p e r c e i v e d  u s e f u l n e s s  o f
m a t h e m a t i c s ,  s t e r e o t y p i n g  m a t h e m a t i c s  as  a male domain,  a c h i e v e m e n t  
m o t i v a t i o n  in  m a t h e m a t i c s ,  c o n f i d e n c e  and a n x i e t y  t oward  m a t h e m a t i c s  
and e f f e c t a n c e  m o t i v a t i o n  (Fennema,  1977) .  E f f e c t a n c e  m o t i v a t i o n  
r e f e r s  t o  f e e l i n g s  toward  e n g ag i n g  in  e x p l o r a t o r y  and e x p e r i m e n t i n g  
b e h a v i o r s .
A n o t h e r  a f f e c t i v e  v a r i a b l e  which may be o f  i n t e r e s t  i s  l o c u s  o f  
c o n t r o l  (Fennema,  1977) .  Tha t  i s ,  where do i n d i v i d u a l s  p l a c e  
r e s p o n s i b i l i t y  f o r  t h e i r  s u c c e s s e s  o r  f a i l u r e s — t o  t h e m s e l v e s  o r  t o  
o u t s i d e  i n f l u e n c e s  such as  o t h e r  p e o p l e ' s  a c t i o n s  o r  f a t e  and luck?  
Thi s  c o n s t r u c t  i s  somet imes  r e f e r r e d  t o  as  c a u s a l  a t t r i b u t i o n  and 
measures  o f  i t  a t t e m p t  t o  c l a s s i f y  a p e r s o n ' s  a t t r i b u t i o n  o f  c a us e  
e i t h e r  as  e x t e r n a l  ( t o  o u t s i d e  i n f l u e n c e s )  o r  i n t e r n a l  ( t o  
t h e m s e l v e s ) .  Th i s  c l a s s i f i c a t i o n  i s  somet imes  done s e p a r a t e l y  f o r  t h e  
a t t r i b u t i o n  o f  c a u s e  t o  n e g a t i v e  and p o s i t i v e  e v e n t s .  Males  and
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f e m a l e s  do seem t o  d i f f e r  on t h e s e  me a s u r e s  w i t h  f e m a l e s  more l i k e l y  
t h a n  ma les  t o  a t t r i b u t e  n e g a t i v e  e v e n t s  t o  i n t e r n a l  c a u s e s  and p o s i t i v e  
e v e n t s  t o  e x t e r n a l  c a u s e s  ( C r a n d a l l  e t  a l . ,  1965;  Mes s e r ,  1972) .  The 
e d u c a t i o n a l  i m p l i c a t i o n s  a r e  u n c l e a r  b u t  some m a t h e m a t i c s  e d u c a t i o n  
r e s e a r c h  has been d i r e c t e d  t owar ds  l o c u s  o f  c o n t r o l  as  p o s s i b l y  
r e l e v a n t  in  e x p l a i n i n g  sex  d i f f e r e n c e s  i n  m a t he m a t i c s  a c h i e v e m e n t  and 
p a r t i c i p a t i o n  (Brewer  & Blum, 1979;  P a r s o n s ,  1982;  W i l l i a m s o n ,  1980; 
W o l l e a t  e t  a l . ,  1980) .
Causa l  Model ing  as  a Means t o  U n d e r s t a n d i n g  C o r r e l a t i o n a l  S t r u c t u r e  
The r e l a t i o n s h i p s  among t h e s e  c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s  
and t h e i r  e f f e c t s  on m a t h e m a t i c a l  a c h i e v e m e n t  and p a r t i c i p a t i o n  a r e  
complex and t h e  need  f o r  f u r t h e r  r e s e a r c h  i s  e v i d e n t .
S i n c e  a t r e m e n d o u s l y  complex i n t e r p l a y  o f  a f f e c t i v e ,  
e d u c a t i o n a l ,  s o c i e t a l  and p o s s i b l y  c o g n i t i v e  v a r i a b l e s  a f f e c t  
t h e  d e c i s i o n  t o  s t u d y  m a t h e m a t i c s ,  many d i f f e r e n t  t y p e s  o f  
s t u d i e s  a r e  n e c e s s a r y .  (Fennema,  1977)
. . . a  c o n c e n s u s  has  emerged t h a t  m a t h e m a t i c s  a c h i e v em e n t  
i s  a complex phenomenon t h a t  i s  r e l a t e d  t o  c o g n i t i v e  and 
a f f e c t i v e  v a r i a b l e s ,  some o f  which a r e  amenable  t o  t r e a t m e n t  
( s u c h  as  m a t h e m a t i c s  a t t i t u d e  and a n x i e t y )  w h i l e  o t h e r s  a r e  no t  
( s u c h  as  h e r e d i t a r y  makeup) .  However ,  t h e  con c e n s u s  has  been 
formed f rom p i e ceme a l  a n a l y s e s ,  no one o f  which has  combined 
a l l  t h e s e  v a r i a b l e s  i n t o  a s i n g l e  a n a l y s i s .
( P l a k e ,  Smi t h ,  L a n g l ey ,  & Ka p l a n ,  1982)
S t u d i e s  s ho u l d  i n v o l v e  as  many o f  t h e  p o t e n t i a l l y  r e l e v a n t  
v a r i a b l e s  as  p o s s i b l e .  One c ou l d  a t t e m p t  t o  employ an e x p e r i m e n t  o f  
t r u e  f a c t o r i a l  d e s i g n  so  t h a t  e f f e c t s  o f  v a r i a b l e s  on ma t h e ma t i c s  
a c h i e v e m e n t  c ou l d  be a t t r i b u t e d  unamb i g u o u s l y .  However ,  t h e  number o f
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v a r i a b l e s  b e i n g  c o n s i d e r e d  would r e q u i r e  us t o  make s o  many i n t r u s i o n s  
in  t h e  c o n v e n t i o n a l  e d u c a t i o n a l  s e t t i n g  t h a t  r e p l i c a t i o n  o f  t h e  r e s u l t s  
mi gh t  be e x t r e m e l y  d i f f i c u l t ,  i f  n o t  i m p o s s i b l e .  In o t h e r  words ,  t he  
p r i c e  o f  i n t e r n a l  v a l i d i t y  may be t o o  d e a r  in  t e rms  o f  e x t e r n a l  
v a l i d i  t y .
An o b s e r v a t i o n a l  s t u d y  which employs  u n o b t r u s i v e  me asu r e s  seems 
more a p p r o p r i a t e  i f  o u r  goal  is. t o  b e t t e r  c l a r i f y  t h e  r e l a t i o n s h i p s  
between m u l t i p l e  v a r i a b l e s  in  an e d u c a t i o n a l  e n v i r o n m e n t .  The q u e s t i o n  
which r ema i ns  i s :  What me t hodo l ogy  i s  b e s t  f o r  such e x p l a n a t o r y
o b s e r v a t i o n a l  s t u d i e s ?
S t r u c t u r a l  e q u a t i o n  ( c a u s a l )  models  were t h e  s u b j e c t  o f  W. W. 
C o o l e y ' s  a d d r e s s  t o  t h e  Amer ican E d u c a t i o n a l  R e s e a r c h  A s s o c i a t i o n  in 
1978.  In h i s  c o n c l u d i n g  r emarks  he s a i d :
. . . w h a t  i s  " t h e  s t a t e - o f - t h e - a r t "  in  t h e  d e s i g n  and 
a n a l y s i s  o f  r e s e a r c h  s t u d i e s  i n v o l v i n g  r e l a t i o n s h i p s  among 
v a r i a b l e s ?  My s e n s e  o f  i t  i s  t h a t ,  t h a n k s  t o  g e n e t i c i s t s ,  
e c o n o m i s t s ,  s o c i o l o g i s t s ,  and o t h e r s ,  a v e r y  e x c i t i n g  " a r t  
form" e x i s t s  t h a t  e d u c a t i o n a l  r e s e a r c h  has  l a r g e l y  i g n o r e d .
We must  c l e a r l y  p r oduce  more c o n v i n c i n g  c a u s a l  mode l s .
The c h a l l e n g e  i s  c o n s i d e r a b l e ,  b u t  t h e  e f f o r t s  w i l l  s u r e l y  
be more p r o d u c t i v e  t h a n  c o n t i n u i n g  t o  c o n d u c t  m e a n i n g l e s s  
q u a s i - e x p e r i m e n t s ,  o r  a v e r a g i n g  a l l  o f  t h e  t - t e s t s  t h e y  may 
have p r od u c e d .
( Co o l e y ,  pp.  xxv , xxv i  o f  J o r e s k o g  and Sorbom,  1979)
B e n t l e r  echoed  t h e s e  s e n t i m e n t s  when he f o c u s e d  h i s  1980 p a pe r  
in t h e  Annual Review o f  P s yc h o l o g y  t o
. . . t h e  t o p i c  t h a t  I b e l i e v e  h o l d s  t h e  g r e a t e s t  p r omi se  
f o r  f u r t h e r i n g  p s y c h o l o g i c a l  s c i e n c e :  m u l t i v a r i a t e  a n a l y s i s
w i t h  l a t e n t  v a r i a b l e s  and ,  more n a r r o w l y ,  l i n e a r  s t r u c t u r a l  
e q u a t i o n  ( s i m u l t a n e o u s  e q u a t i o n ,  p a t h  a n a l y s i s ,  s t r u c t u r a l  
r e l a t i o n s ,  c o v a r i a n c e  s t r u c t u r e )  mode l s  w i t h  l a t e n t  ( u n o b s e r v e d ,  
unmeasured)  v a r i a b l e s .  ( B e n t l e r ,  1980,  p.  420)
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In  h i s  a d d r e s s ,  Cooley  o u t l i n e d  t h e  key a s p e c t s  o f  c a u s a l  
mode l i ng  s t u d i e s .  His d i s c u s s i o n  i s  summar ized below u s i n g  h i s  o u t l i n e  
o f  t h r e e  t o p i c s  ( f o r  t h e  f u l l  a d d r e s s  s ee  t h e  I n t r o d u c t i o n  t o  J o r e s k o g  
and Sorbom,  1979) :
1) Sampl ing  f ramework
The s amp l in g  f r amework  a f f e c t s  t h e  g e n e r a l i z a b i 1 i t y  o f  t h e  
c o v a r i a n c e s  we o b s e r v e .  As long  as  we draw a r e p r e s e n t a t i v e  sample  
f rom a s i n g l e  w e l l - d e f i n e d  p o p u l a t i o n ,  t h e n  by me a s u r i n g  v a r i a b l e s  on 
t h a t  sample  we can e s t i m a t e  t h e  c o v a r i a n c e s  among t h o s e  v a r i a b l e s  in 
t h e  p o p u l a t i o n .
2)  T h e o r e t i c a l  model
The t h e o r e t i c a l  model d e s c r i b e s  t h e  s t r u c t u r e  o f  t h e  c o v a r i a n c e s  
i n  t e rms  o f  c a u s a l  i n f l u e n c e .  We c a n n o t  d e v e l o p  such a model on t h e  
b a s i s  o f  c o r r e l a t i o n a l  i n f o r m a t i o n  a l o n e .  Knowledge o f  t h e  s u b j e c t  
m a t t e r  b e i n g  i n v e s t i g a t e d  i s  c r u c i a l  t o  b u i l d i n g  t h e  model .
3) S t a t i s t i c a l  p r o c e d u r e s
S t a t i s t i c a l  p r o c e d u r e s  a r e  used  t o  e s t a b l i s h  t h e  p l a u s i b i l i t y  o f  
t h e  t h e o r e t i c a l  model and e s t i m a t i n g  i t s  p a r a m e t e r s .  Some p r o c e d u r e s  
may be f o r  e x p l o r a t o r y  p u r p os e s  i n  d e v e l o p i n g  t h e  model and o t h e r  
p r o c e d u r e s  may be f o r  c o n f i r m a t o r y  p u r p o s e s .
I t  i s  p e r h a p s  more d e s c r i p t i v e  and a c c u r a t e  t o  r e f e r  t o  c a u s a l  
models  as  l i n e a r  c o v a r i a n c e  s t r u c t u r a l  e q u a t i o n  mode l s .  They c o n s i s t  
o f  s e t s  o f  l i n e a r  e q u a t i o n s  which e x p l a i n  t h e  s t r u c t u r e  o f  and a c c o u n t  
f o r  t h e  c o v a r i a n c e s  o f  a s e t  o f  v a r i a b l e s .  These v a r i a b l e s  may be 
o b s e r v e d  o r  l a t e n t  ( u n o b s e r v e d ) .  These l i n e a r  e q u a t i o n s  r e s e m b l e
l i n e a r  r e g r e s s i o n  e q u a t i o n s .  But  in l i n e a r  r e g r e s s i o n ,  t h e  o b j e c t i v e  
i s  t o  f i n d  t h e  b e s t  p r e d i c t o r s  o f  i n d i v i d u a l  v a r i a b l e s  i n  t e r m s  o f
l i n e a r  c o m b i n a t i o n s  o f  o t h e r  v a r i a b l e s .  In c a u s a l  m o d e l i n g ,  t h e  
o b j e c t i v e  i s  t o  f i n d  t h e  mos t  p l a u s i b l e  e x p l a n a t i o n  o f  t h e  o b s e r v e d  
c o v a r i a n c e s  in  t h e  e n t i r e  s e t  o f  v a r i a b l e s .  When e d u c a t o r s  and
a d m i n i s t r a t o r s  make p o l i c y  d e c i s i o n s  t h a t  r e s u l t  i n  a l t e r i n g  one
v a r i a b l e ,  t h e y  can e x p e c t  t o  see  c o r r e s p o n d i n g  c ha nge s  in  s e v e r a l
r e l a t e d  v a r i a b l e s .  G o o d - f i t t i n g  c o v a r i a n c e  s t r u c t u r a l  model s  can h e l p  
t h e  d e c i s i o n - m a k e r  by d e m o n s t r a t i n g  which o f  t h e s e  c h a n g e s  w i l l  o c c u r ,  
and how s t r o n g  t h e s e  change s  w i l l  be .  When l i m i t e d  r e s o u r c e s  a r e  
a v a i l a b l e  t o  t h o s e  r e s p o n s i b l e  f o r  d e c i d i n g  how t h o s e  r e s o u r c e s  s h o u l d  
be a l l o c a t e d ,  i t  i s  i m p e r a t i v e  t h a t  t h e  d e c i s i o n  be made as
i n t e l l i g e n t l y  as  p o s s i b l e .  C o v a r i a n c e  s t r u c t u r a l  mode l s  can  f o rm t h e  
b a s i s  f o r  an i n fo rmed  d e c i s i o n .
Keeping t h e  t o p i c s  Cooley  o u t l i n e d  in mind,  t h e  p r e s e n t  s t u d y  
was d e s i g n e d .  The p o p u l a t i o n  o f  i n t e r e s t  in  t h i s  s t u d y  was t h a t  o f  
c a l c u l u s  s t u d e n t s  a t  t h e  c o l l e g e  l e v e l .  Whi le c o l l e g e  c a l c u l u s
s t u d e n t s  have had d i f f e r i n g  amounts  o f  p r e v i o u s  p a r t i c i p a t i o n  in
m a t h e m a t i c s ,  t h e y  a l l  have  a v e r y  f u l l  r a n ge  o f  c a r e e r  o p t i o n s  
a v a i l a b l e  t o  them in t e rm s  o f  t e c h n o l o g i c a l  and s c i e n t i f i c  c a r e e r s .
The p r i m a r y  goal  was t o  u t i l i z e  c a u s a l  m o de l i n g  t e c h n i q u e s  t o  
b e t t e r  u n d e r s t a n d  d i f f e r e n c e s  be tween males  and f e m a l e s  w i t h  r e g a r d s  t o  
ma t he ma t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n ,  as  wel l  a s  w i t h  r e g a r d s  t o  
r e l a t e d  c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s .  Of s p e c i a l  c o n ce r n  in  t h i s  
s t u d y  were t h e  p o s s i b i l i t i e s  t h a t  ma l es  and f e m a l e s  mi gh t  have
d i f f e r e n t  c o v a r i a n c e  s t r u c t u r e s  f o r  v a r i a b l e s  m e a s u r i n g  m a t h e m a t i c s  
a c h i e v e m e n t ,  p a r t i c i p a t i o n ,  and t h e  r e l a t e d  c o g n i t i v e  and a f f e c t i v e  
c o n s t r u c t s .  I f  s o ,  t h e n  c a u s a l  mode l i ng  cou l d  shed l i g h t  on t h e  n a t u r e  
o f  t h o s e  d i f f e r e n c e s  and p o i n t  t o  t h e  most  f r u i t f u l  d i r e c t i o n s  f o r  
f u r t h e r  r e s e a r c h .  I f  t h e r e  a r e  no d i f f e r e n c e s  in t h e  c o v a r i a n c e
s t r u c t u r e s  f o r  ma les  and f e m a l e s ,  t h e n  any sex d i f f e r e n c e s  c ou l d  be 
u n d e r s t o o d  in  t e rms  o f  t h e  means o f  t h o s e  v a r i a b l e s .  In t h i s  c a s e ,  we 
cou l d  employ d i s c r i m i n a n t  a n a l y s i s  t o  h i g h l i g h t  t h e  d i me n s i o n s  o f  
g r e a t e s t  d i f f e r e n c e  be t ween males  and f e m a l e s  w i t h  r e s p e c t  t o  t h e s e
v a r i a b l e s ,  and t h e n  d e v e l o p  a s i n g l e  model f o r  t h e  c o v a r i a n c e s .
We d e c i d e d  t o  d e v e l o p  models  t h a t  c ou l d  be i n t e r p r e t e d  e a s i l y  i n  
t e rms  o f  t h e i r  e x p l a n a t i o n s  o f  t h e  o b s e r v e d  c o v a r i a n c e s .  In t h e  
l anguage  o f  c a u s a l  m o d e l i n g ,  we c o n c e n t r a t e d  on s t a n d a r d i z e d  o r t h o g o n a l  
l a t e n t  v a r i a b l e  s t r u c t u r a l  e q u a t i o n  mode l s .  The me a s u r i n g  i n s t r u m e n t s  
chosen  f o r  t h e  c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s  and t h e  s t a t i s t i c a l  
t e c h n i q u e s  used  i n  a n a l y z i n g  t h e  c o r r e l a t i o n s  t o  d e v e l o p  t h e  model s  a r e  
d i s c u s s e d  i n  d e t a i l  i n  C h a p t e r  I I .  The s t a t i s t i c a l  t e c h n i q u e  we used 
f o r  c o n f i r m a t o r y  a n a l y s i s  o f  t h e s e  models  i s  c a l l e d  F a c t o r i a l  Model ing 
(FaM) and was d e v e l o p e d  by Paul  Lohnes (1978)  s p e c i f i c a l l y  f o r  such 
mode l s .  Because  c a u s a l  mode l i ng  i s  a r e l a t i v e l y  new v e n t u r e  in
e d u c a t i o n a l  r e s e a r c h  we w i l l  d i s c u s s  t h e  t e r m i n o l o g y  and t o o l s  o f  
c a u s a l  mo d e l i n g  in  more d e t a i l  in C h a p t e r  I I I .  C h a p t e r  IV w i l l  be
de v o t ed  t o  a d i s c u s s i o n  o f  t h e  t e c h n i q u e  o f  F a c t o r i a l  Model ing  as  a 
c o n f i r m a t o r y  t o o l  f o r  c a u s a l  mode l s .
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Al t h o u g h  t h e  u s e  o f  c a u s a l  mo d e l i n g  i s  v e r y  p r o mi s i n g  f o r  
e d u c a t i o n a l  r e s e a r c h ,  i t  i s  s t i l l  i n  i t s  e a r l y  s t a g e s  o f  use  in t h a t  
a r e a .  For  t h i s  r e a s o n  t h i s  s t u d y  must  be c o n s i d e r e d  as  an i n i t i a l
a t t e m p t  t o  d e v e l o p  p l a u s i b l e  models  f o r  t h e  r e l a t i o n s h i p s  between t h e
many v a r i a b l e s  m e n t i o n e d .  I t  i s  hoped t h a t  t h i s  r e s e a r c h  s t u d y  mi ght  
r e s u l t  in a b e t t e r  u n d e r s t a n d i n g  o f  v a r i a b l e s  i n f l u e n c i n g  m a t h e ma t i c s  
a c h i e v em e n t  and p a r t i c i p a t i o n  and p e r h a p s  f o c u s  more c l e a r l y  ou r
a t t e n t i o n  on t h o s e  v a r i a b l e s  which a c c o u n t  f o r  i n d i v i d u a l  and sex 
d i f f e r e n c e s .  Along t h e  way,  we a l s o  hope t h a t  t h e  s t u d y  s e r v e s  as  an 
example o f  t h e  p romi se  o f  c o v a r i a n c e  s t r u c t u r a l  mode l i ng  in m a t h e ma t i c s  
e d u c a t i o n  r e s e a r c h  and ,  in p a r t i c u l a r ,  p r o v i d e s  ma t h e ma t i c s  e d u c a t i o n  
r e s e a r c h e r s  w i t h  an e x p o s u r e  t o  a t o o l  o f  such me t hodo l ogy ,  namely
F a c t o r i a l  Mode l i ng .
CHAPTER I I  
RESEARCH PLAN, OBJECTIVES AND METHODS
The p r i n c i p a l  goa l  o f  t h e  p r e s e n t  s t u d y  was t o  g a i n  a  b e t t e r  
u n d e r s t a n d i n g  o f  t h e  s t r u c t u r e  o f  sex d i f f e r e n c e s  in  m a t h e m a t i c s  
a c h i e v em e n t  and p a r t i c i p a t i o n  t h r o u g h  t h e  d e ve l op me n t  o f  c o v a r i a n c e  
s t u c t u r a l  mo d e l s .  Of p a r t i c u l a r  i n t e r e s t  i n  t h i s  s t u d y  were  t h e  
c o n t r i b u t i o n s  c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s  r e l a t e d  t o  m a t h e m a t i c s  
a c h i e v e m e n t  and p a r t i c i p a t i o n  make in  e x p l a i n i n g  any sex d i f f e r e n c e s .  
When one has  g a t h e r e d  sampl e  measurement s  o f  t h e s e  v a r i a b l e s ,  a s  wel l  
as  sample  me a s u r e men t s  o f  m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n ,  
t h e r e  a r e  two n a t u r a l  t y p e s  o f  s t a t i s t i c s  t o  c o n s i d e r  when c ompar i ng  
males  and f e m a l e s :
1) s t a t i s t i c s  o f  l o c a t i o n
In  o t h e r  wor ds ,  how do t h e  sample  mean v e c t o r s  d i f f e r ?  Along 
what  d i m e n s i o n  i s  t h i s  d i f f e r e n c e  mos t  p ronounced?
2)  s t a t i s t i c s  o f  d i s p e r s i o n
How a r e  t h e  sample  measuremen t  v e c t o r s  s c a t t e r e d  a b o u t  t h e i r  
r e s p e c t i v e  means? What a r e  t h e  u n d e r l y i n g  s o u r c e s  o f  t h e  o b s e r v e d  
v a r i a n c e s  and c o v a r i a n c e s ?
I n d e e d ,  i f  i t  i s  r e a s o n a b l e  t o  assume t h a t  o u r  measured  v a r i a b l e s  
a r e  f rom a m u l t i v a r i a t e  normal  d i s t r i b u t i o n ,  t h e n  means ,  v a r i a n c e s  and 
c o v a r i a n c e s  a r e  p r e c i s e l y  t h e  sample s t a t i s t i c s  on which we s h o u l d  
f o c u s  o u r  a t t e n t i o n .
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When v a r i a b l e s  e n j o y  a m u l t i n o r m a l  d i s t r i b u t i o n ,  d i s c r i m i n a n t  
a n a l y s i s  c o u l d  be c o n s i d e r e d  as  a t e c h n i q u e  f o r  f i n d i n g  t h e  d i m e n s i o n  
a l o n g  which t h e  mean v e c t o r s  f o r  ma l es  and f e m a l e s  a r e  ma x i ma l l y  
s e p a r a t e d .  But  d i s c r i m i n a n t  a n a l y s i s  d e p e n d s  upon t h e  a d d i t i o n a l  
a s s u m p t i o n  o f  e q u a l  v a r i a n c e - c o v a r i a n c e  m a t r i c e s  f o r  t h e  g ro u ps  
i n v o l v e d .  I f  ma les  and f e m a l e s  do  n o t  have  e qua l  v a r i a n c e s  and 
c o v a r i a n c e s ,  t h e n  we c o u l d  s t i l l  employ d i s c r i m i n a n t  a n a l y s i s ,  w h i l e  
hop i ng  t h a t  t h e  p r o c e d u r e  i s  r o b u s t  enough t o  w i t h s t a n d  t h e  v i o l a t i o n  
o f  t h i s  a s s u m p t i o n .  However ,  o u r  a t t e n t i o n  s h o u l d  s h i f t  t o  t h e s e  
s t a t i s t i c s  o f  d i s p e r s i o n —  t h e  v a r i a n c e s  and c o v a r i a n c e s .  I f  we can 
d e v e l o p  model s  t h a t  e x p l a i n  t h e  c o v a r i a n c e  s t r u c t u r e  o f  each  g r o u p ,  
t h e n  we have  a v e h i c l e  f o r  c ompar i ng  ma l e s  and f e m a l e s  which can 
h i g h l i g h t  d i f f e r e n c e s  t h a t  d i s c r i m i n a n t  a n a l y s i s  would i g n o r e .  For  
t h i s  r e a s o n ,  t h e  d e v e l o p m e n t  o f  such mode l s  p l a y s  a c e n t r a l  r o l e  i n  o u r  
a p p r o a c h  t o  i n v e s t i g a t i n g  sex d i f f e r e n c e s  i n  m a t h e m a t i c s  a c h i e v e m e n t  
and p a r t i c i p a t i o n  and r e l a t e d  c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s .  
F a c t o r i a l  Mo d e l i ng ,  a  t e c h n i q u e  f o r  f i t t i n g  and c o n f i r m i n g  c e r t a i n  
t y p e s  o f  c o v a r i a n c e  s t r u c t u r a l  m o d e l s ,  i s  made u s e  o f  i n  t h i s  r e g a r d .
Whi le  t h e  l i s t  o f  v a r i a b l e s  c o n s i d e r e d  i n  t h i s  s t u d y  i s  n o t  an 
e x h a u s t i v e  o n e ,  i t  i s  c om p r i s e d  o f  t h o s e  v a r i a b l e s  o f  g r e a t e s t  
p r a c t i c a l  i n t e r e s t  t o  t h e  m a t h e m a t i c s  e d u c a t o r  i n  t e r m s  o f  i n d i v i d u a l  
and sex d i f f e r e n c e s .  By p r a c t i c a l ,  we mean t h a t  t h e s e  v a r i a b l e s  m i g h t  
be a l t e r a b l e  t h r o u g h  i n t e r v e n t i o n .  For  e x a m p l e ,  t h e  m a t h e m a t i c s  
e d u c a t o r  has  l i t t l e  hope o f  c h a n g i n g  b i o l o g i c a l  f a c t o r s  even  i f  t h e y  do 
p l a y  a r o l e  i n  i n f l u e n c i n g  m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n .
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On t h e  o t h e r  h a n d ,  i t  may be p o s s i b l e  t o  improve c e r t a i n  c o g n i t i v e  
s k i l l s  t h r o u g h  t r a i n i n g  o r  a l t e r  a t t i t u d e s  t h r o u g h  e d u c a t i o n .
In  t h e  r e s t  o f  t h i s  c h a p t e r  we d i s c u s s  t h e  p a r t i c u l a r s  o f  o u r
r e s e a r c h  p l a n ,  o b j e c t i v e s ,  and me t h od s ,  i n c l u d i n g  t h e  s p e c i f i c  
p o p u l a t i o n  u nd e r  i n v e s t i g a t i o n ,  i n s t r u m e n t s  employed t o  measure
c o g n i t i v e ,  a f f e c t i v e ,  a c h i e v e m e n t ,  and p a r t i c i p a t i o n  v a r i a b l e s ,  and 
s t a s t i s t i c a l  t e s t s  and t o o l s .
THE RESEARCH PLAN
A random sampl e  o f  s t u d e n t s  (N = 268 ;  124 f e m a l e s  and 144 m a l e s )  
was s e l e c t e d  f ro m  t h e  s t a n d a r d  f i r s t - s e m e s t e r  c a l c u l u s  c l a s s  a t  t h e
U n i v e r s i t y  o f  New Hampshi re  d u r i n g  t h e  f a l l  s e m e s t e r  o f  t h e  1983-1984
academi c  y e a r .  T h i s  s ample  o f  s t u d e n t s  was a d m i n i s t e r e d  v a r i o u s  and 
m u l t i p l e  me a s u r e s  o f  t h e  c o g n i t i v e  v a r i a b l e s  o f  s p a t i a l  a b i l i t y ,  f i e l d  
i n d e p e n d e n c e /  f i e l d  d e p e n d e n c e ,  and l o g i c a l  r e a s o n i n g .  Al l  s t u d e n t s  i n  
t h e  c l a s s  ( a p p r o x i m a t e l y  1 20 0 ) ,  i n c l u d i n g  t h i s  s am p l e ,  were 
a d m i n i s t e r e d  m e a s u r e s  o f  a f f e c t i v e  v a r i a b l e s  such as  a t t i t u d e s  t oward  
m a t h e m a t i c s  and l o c u s  o f  c o n t r o l .  In  a d d i t i o n ,  a l l  s t u d e n t s  f i l l e d  o u t  
e x t e n s i v e  b a c k g r ou n d  q u e s t i o n n a i r e s  r e p o r t i n g  t h e i r  p r e v i o u s  
p a r t i c i p a t i o n  in  h i g h  s choo l  m a t h e m a t i c s  and s c i e n c e ,  v e r b a l  and 
q u a n t i t a t i v e  SAT s c o r e s ,  and aca demi c  m a j o r .  F i n a l l y ,  t h e  a c h i e v e m e n t  
measure s  r e p r e s e n t e d  by t h e  u n i t  and f i n a l  exams i n  t h e  c a l c u l u s  c o u r s e  
i t s e l f  were r e c o r d e d  f o r  t h e  s p e c i a l  s a mpl e .  The r e a d e r  can f i n d  t h e  
c o mpl e t e  l i s t  o f  m e a s u r e s  in  T a b l e s  1 t h r o u g h  4 on pages  3 9 - 41 .
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The sample  o f  s t u d e n t s  s e l e c t e d  f o r  t h i s  s t u d y  was s p l i t  i n t o  two 
subsa mpl e s  u s i n g  s t r a t i f i e d  random s amp l in g  w i t h  r e s p e c t  t o  s ex .  Each 
subsample  c o n s i s t e d  o f  62 f e m a l e s  and 72 m a l e s .  One subsa mpl e  was 
d e s i g n a t e d  f o r  e x p l o r a t o r y  p u r p o s e s .  Th i s  sample  was used  t o  t e s t  t h e  
h y p o t h e s i s  t h a t  t h e  v a r i a n c e - c o v a r i a n c e  m a t r i c e s  f o r  t h e  chosen  
measure s  were i d e n t i c a l  f o r  ma les  and f e m a l e s .
I f  t h i s  h y p o t h e s i s  was n o t  r e j e c t e d ,  t h e n  t h e  u n d e r l y i n g  
a s s u m p t i o n s  f o r  a d i s c r i m i n a n t  a n a l y s i s  would be me t ,  and we c ou l d  
p r o c e e d  t o  i n v e s t i g a t e  d i f f e r e n c e s  in  t h e  means o f  t h e  me a s u r e s  f o r  
ma les  and f e m a l e s .  I f  such an a n a l y s i s  f u r t h e r  i n d i c a t e d  t h a t  t h e r e  
were no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  means ,  t h e n  we c o u l d  s i m p l y  pool  
t h e  two g ro u p s  ( s u b s a m p l e  s i z e  o f  134) and d e v e l o p  a s i n g l e  c o v a r i a n c e  
s t r u c t u r a l  model t o  e x p l a i n  t h e  common s t r u c t u r e  o f  c o v a r i a n c e s  f o r  
males  and f e m a l e s .  I f  t h e  d i s c r i m i n a n t  a n a l y s i s  i n d i c a t e d  t h a t  t h e r e  
were s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  means ,  t h e n  we c o u l d  s t i l l  d e v e l o p  
a s i n g l e  c o v a r i a n c e  model b a s ed  on t h e  p o o l e d  v a r i a n c e - c o v a r i a n c e  
m a t r i x  f o r  ma les  and f e m a l e s .
I f  t h e  h y p o t h e s i s  o f  e qua l  v a r i a n c e - c o v a r i a n c e  m a t r i c e s  f o r  ma l es  
and f e m a l e s  was r e j e c t e d ,  t h e n  we mi gh t  s t i l l  p e r f o r m  a d i s c r i m i n a n t  
a n a l y s i s .  However ,  we would want  t o  be v e r y  c a u t i o u s  a b o u t  
i n t e r p r e t i n g  t h e  r e s u l t s  o f  a d i s c r i m i n a n t  a n a l y s i s ,  s i n c e  one  o f  t h e  
u n d e r l y i n g  a s s u m p t i o n s  o f  such  a p r o c e d u r e  was v i o l a t e d .  More 
i m p o r t a n t l y ,  r e j e c t i o n  o f  t h i s  h y p o t h e s i s  would i n d i c a t e  t h a t  d i f f e r e n t  
c o v a r i a n c e  model s  s ho u l d  be d e v e l o p e d  f o r  ma l e s  and f e m a l e s  t o  e x p l a i n  
t h e i r  d i f f e r e n t  c o v a r i a n c e  s t r u c t u r e s .
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Tec hn i ques  such a s  p r i n c i p a l  component  a n a l y s i s ,  t r a d i t i o n a l  
f a c t o r  a n a l y s i s ,  and c a n o n i c a l  c o r r e l a t i o n  a n a l y s i s ,  a l o n g  w i t h  l o g i c a l  
c o n t e n t  c o n s i d e r a t i o n s  o f  t h e  me a s u r e s  t h e m s e l v e s ,  were u s ed  t o  d e v e l o p  
t h e  model o r  models  i n d i c a t e d  b as ed  on t h e  sample  c o v a r i a n c e  
i n f o r m a t i o n  p r o v i d e d  by t h e  f i r s t  s u b s a m p l e .  I n i t i a l  f i t t i n g  and 
p a r a m e t e r  e s t i m a t i o n  f o r  t h e  models  were  a c c o m p l i s h e d  u s i n g  F a c t o r i a l  
Mode l i ng ,  which i s  d i s c u s s e d  i n  g r e a t e r  d e t a i l  i n  C h a p t e r  IV.
The second subsa mpl e  was d e s i g n a t e d  f o r  c o n f i r m a t o r y  a n a l y s i s  o f  
t h e s e  mode l s .  No t e s t s  o r  e x p l o r a t o r y  a n a l y s i s  were p e r f o r me d  on t h i s
second s ubsa mpl e .  Th i s  subsa mpl e  was used  t o  o b t a i n  a s econd  sample
e s t i m a t e  o f  t h e  v a r i a n c e s  and c o v a r i a n c e s  o f  t h e  me a s u r e s  employed i n  
t h i s  s t u d y .  These  e s t i m a t e s  were us ed  t o  j u d g e  t h e  a d equa cy  o f  t h e  
d e v e l o p e d  models  f rom t h e  f i r s t  s ub s a mp l e .  The t e c h n i q u e  o f  F a c t o r i a l  
Model i ng  p l a y e d  a c e n t r a l  r o l e  i n  t h i s  c o n f i r m a t o r y  s t a g e ,  by p r o v i d i n g  
a way t o  e s t i m a t e  t h e  p a r a m e t e r s  o f  a g i v e n  model and any r e s i d u a l
c o v a r i a n c e s  n o t  a c c o u n t e d  f o r  by t h e  mode l .  T h i s  c o n f i r m a t o r y  a n a l y s i s  
a l s o  p r o v i d e d  d i r e c t i o n  t o  f u r t h e r  r e v i s i o n  o f  t h e  model s  f o r  f u t u r e
r e s e a r c h  and a n a l y s i s .
Th i s  s t u d y  can be v i ewed  as  t h e  i n i t i a l  s t e p  in  t h e  i t e r a t i v e  
p r o c e s s  o f  model b u i l d i n g  and r e v i s i o n  f o r  t h e  c o v a r i a n c e  s t r u c t u r e  o f  
v a r i a b l e s  r e l a t e d  t o  m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n ,  
s p e c i f i c a l l y  a t  t h e  l e v e l  o f  c o l l e g e  c a l c u l u s .  The " s p l i t - s a m p l e "  
a p p r o a c h  was used  b e c a u s e  o f  t h e  l a c k  o f  any a l r e a d y  e x i s t i n g  
c o v a r i a n c e  models  which a t t e m p t  t o  e x p l a i n  t h e  u n d e r l y i n g  s t r u c t u r e  o f  
t h e  c o v a r i a n c e s  o f  such  a c o m p re h e n s i v e  s e t  o f  v a r i a b l e s  r e l a t e d  t o  
m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n .
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I f  a s e t  o f  sample  c o v a r i a n c e  e s t i m a t e s  was used  t o  h e l p  b u i l d  a  mode l ,  
t h e n  i t  would be h i g h l y  i n a p p r o p r i a t e  t o  us e  t h e  same sample  t o  make a 
c a s e  f o r  t h e  m o d e l ' s  a d eq u a c y  i n  e x p l a i n i n g  t h e  p o p u l a t i o n  
c o v a r i a n c e s .  T h e r e f o r e ,  we u s ed  two s a m p l e s — one s p e c i f i c a l l y  f o r  
e x p l o r a t i o n  and model d e v e l o p m e n t ,  and a n o t h e r  f o r  t e s t i n g  t h e  ad e q u a c y  
o f  t h e  d e v e l o p ed  mo d e l s .  We summar ize  o u r  r e s e a r c h  o b j e c t i v e s  be l ow.
RESEARCH OBJECTIVES
The s p e c i f i c  o b j e c t i v e s  o f  t h i s  s t u d y  were t o  ans wer  t h e  
f o l l o w i n g  q u e s t i o n s :
* Are t h e  c o v a r i a n c e  s t r u c t u r e s  o f  t h e  me asu r e d  v a r i a b l e s
r e l a t e d  t o  m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n  d i f f e r e n t  f o r  
males  and f e m a l e s ?
I f  t h e  c o v a r i a n c e  s t r u c t u r e s  a r e  n o t  d i f f e r e n t ,  t h e n  we n e x t  t r y  
t o  answer :
* What i s  t h e  common c o v a r i a n c e  s t r u c t u r e  i n  t e rms  o f  a
c o v a r i a n c e  s t r u c t u r a l  model?
* How do t h e  means o f  t h e  me a s u r e d  v a r i a b l e s  d i f f e r  f o r  ma les  
and f e m a l e s ?
I f  t h e  c o v a r i a n c e  s t r u c t u r e s  a r e  d i f f e r e n t ,  we want  t o  f i n d
* How a r e  d i f f e r e n c e s  i n  c o v a r i a n c e  s t r u c t u r e s  r e f l e c t e d  in
te rms  o f  d i f f e r e n c e s  be t ween  t h e  c o v a r i a n c e  s t r u c t u r a l  mode l s  d e v e l o p e d  
f o r  males  and f e m a l e s ?
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RESEARCH METHODS
S u b j e c t s
S u b j e c t s  f o r  t h e  s t u d y  were drawn f rom t h e  f i r s t - s e m e s t e r  
c a l c u l u s  c o u r s e  a t  t h e  U n i v e r s i t y  o f  New Hampshi re  (UNH) d u r i n g  t h e  
f a l l  o f  t h e  aca demi c  y e a r  1983 - 84 .  UNH i s  a s t a t e  s choo l  w i t h  a t o t a l  
e n r o l l m e n t  o f  a p p r o x i m a t e l y  1 0 , 5 0 0 .  A p p r o x i m a t e l y  1200 s t u d e n t s  
e n r o l l e d  in  t h e  c o u r s e .  Of t h e s e ,  a p p r o x i m a t e l y  45% were  f e m a l e .  Al l  
were r e q u i r e d  t o  have c o mp l e t e d  t h r e e  y e a r s  o f  c o l l e g e  p r e p a r a t o r y  
ma t h e ma t i c s  i n c l u d i n g  t r i g o n o m e t r y .  Every s t u d e n t  in  t h e  C o l l e g e  o f  
E n g i n e e r i n g  and P h y s i c a l  S c i e n c e s  i s  r e q u i r e d  t o  t a k e  c a l c u l u s  and 
a l m o s t  e v e r y  o t h e r  c o l l e g e  and d e p a r t m e n t  a t  UNH i s  r e p r e s e n t e d .  The 
268 s t u d e n t s  s e l e c t e d  f o r  t h e  sample  r e c e i v i n g  t h e  a d d i t i o n a l  c o g n i t i v e  
measure s  wer e chosen  r andoml y  u s i n g  t h e  l a s t  d i g i t  o f  t h e i r  s o c i a l  
s e c u r i t y  numbers .
The C a l c u l u s  Program a t  t h e  U n i v e r s i t y  o f  New Hampshi re
The f i r s t - s e m e s t e r  c a l c u l u s  c o u r s e  a t  UNH i s  t a u g h t  u s i n g  a 
m o d i f i e d  v e r s i o n  o f  t h e  K e l l e r  p l a n  o f  p e r s o n a l i z e d  i n s t r u c t i o n .  There  
a r e  s i x  l a r g e  l e c t u r e  s e c t i o n s  f rom which t h e  s t u d e n t s  may c h o os e  t o  
a t t e n d .  S t u d e n t s  can c h o o s e  t o  s w i t c h  l e c t u r e  s e c t i o n s  w i t h o u t  n o t i c e  
and can even a t t e n d  s e v e r a l  l e c t u r e s  i n  t h e  same day .  In  a d d i t i o n ,  a 
t u t o r i a l  room s t a f f e d  by m a t h e m a t i c s  g r a d u a t e  s t u d e n t s  i s  open  30 h ou r s  
a week f o r  i n f o r m a l  h e l p  s e s s i o n s .  Four  days  a week t h e r e  a r e  
a f t e r n o o n  and e v e n i n g  p r ob l e m  s e s s i o n s  where s o l u t i o n s  o f  s e l e c t e d  
homework e x e r c i s e s  a r e  p r e s e n t e d .
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The m a t e r i a l  c o v e r e d  i n  t h e  c o u r s e  r e p r e s e n t s  a s t a n d a r d  c o u r s e  
in d i f f e r e n t i a l  and i n t e g r a l  c a l c u l u s .  Swokows k i ' s  C a l c u l u s  w i t h  
A n a l y t i c  Geomet ry i s  u s ed  as  a t e x t  w i t h  c h a p t e r s  1-8 b e i n g  c o v e r e d  
d u r i n g  t h e  f i r s t  s e m e s t e r .  The t o p i c s  c o v e r e d  i n c l u d e  t h e  b a s i c  
m a t e r i a l  on d i f f e r e n t i a t i o n  and i n t e g r a t i o n  o f  a l g e b r a i c ,  e x p o n e n t i a l  
and l o g a r i t h m i c  f u n c t i o n s  w i t h  a p p l i c a t i o n s .
At t h e  b e g i n n i n g  o f  t h e  s e m e s t e r  an a l g e b r a  and t r i g o n o m e t r y  
p r e t e s t  i s  a d m i n i s t e r e d  t o  a l l  s t u d e n t s .  I t  i s  used  t o  d e t e r m i n e  which 
s t u d e n t s  need t o  r e v i e w  some p r e c a l c u l u s  m a t h e m a t i c s .  I f  a need  f o r  
r e v i e w  i s  i n d i c a t e d  f o r  an i n d i v i d u a l  s t u d e n t ,  t h e n  t h e  s t u d e n t  i s
r e q u i r e d  t o  make u s e  o f  t h e  i n d i v i d u a l i z e d  r e v i e w  m a t e r i a l s  a t  t h e  UNH 
Ma t hema t i c s  C e n t e r  and c o m p l e t e  a r e v i e w  p rogram s p e c i f i c  t o  t h e  
s t u d e n t ' s  needs  by c e r t a i n  d e a d l i n e s  d u r i n g  t h e  s e m e s t e r .  The
Ma t hema t i c s  C e n t e r  i s  a l s o  a v a i l a b l e  t o  anyone  d e s i r i n g  r e v i e w  i n  
a l g e b r a  o r  t r i g o n o m e t r y ,  o r  e x t r a  work on c a l c u l u s  m a t e r i a l s .
T e s t i n g  o v e r  t h e  m a t e r i a l  c o v e r e d  in  t h e  c a l c u l u s  c o u r s e  i s  
h a n d l e d  t h r o u g h  a t e s t i n g  c e n t e r .  Each s t u d e n t  e n r o l l s  i n  a  t e s t i n g  
l a b o r a t o r y  as  p a r t  o f  t h e  c o u r s e .  Th i s  " l a b "  t i me  c o n s i s t s  o f  a week l y  
t wo - ho u r  t i me  b l o c k  a s s i g n e d  t o  t h e  s t u d e n t  f o r  t e s t - t a k i n g  d u r i n g  t h e  
s e m e s t e r .  Dur ing  t h e  f i r s t  two weeks o f  t h e  s e m e s t e r ,  t h e  s t u d e n t ' s  
l a b  i s  r e s e r v e d  f o r  a d m i n i s t r a t i o n  o f  p r e t e s t s .  For  t h e  r e m a i n d e r  o f  
t h e  s e m e s t e r ,  t h e  l a b  t i me  i s  used f o r  t h e  u n i t  exams f o r  t h e  c a l c u l u s  
c o u r s e .
The t wo - h o u r  t i me  p e r i o d  which makes up a s t u d e n t ' s  l a b  t i me  i s
p a r t i t i o n e d  i n t o  two p a r t s .  Dur ing  t h e  f i r s t  hour  t h e  s t u d e n t  i s
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a d m i n i s t e r e d  t h e  exam.  Dur ing  t h e  s econd  hou r  t h e  s t u d e n t  has  t h e  exam 
g r ad e d  w h i l e  h e / s h e  o b s e r v e s .  The s t u d e n t ' s  m i s t a k e s  a r e  r e v i e w e d  and 
d i s c u s s e d  by t h e  g r a d e r  a t  t h i s  t i m e .  Because  t h e  g r a d i n g  p r o c e s s  
r a r e l y  t a k e s  t h e  f u l l  s econd  h o u r ,  t h i s  t i me  a l s o  can  be u s ed  t o  g e t  
f e e d b a c k  i n f o r m a t i o n  f rom t h e  s t u d e n t s  r e g a r d i n g  t h e  c o u r s e ,  o r  t o  
g a t h e r  any o t h e r  i n f o r m a t i o n  which m i g h t  be o f  i n t e r e s t  in  p l a n n i n g  any 
c o u r s e  r e v i s i o n s  f o r  t h e  f u t u r e .  In  t h i s  way t h e  a d m i n i s t r a t o r s  o f  t h e  
c a l c u l u s  c o u r s e  a t  UNH have been a b l e  t o  c o n du c t  an o n g o i n g  e v a l u a t i o n  
o f  t h e  program o v e r  t h e  y e a r s .  For  t h e  p u r p o s e s  o f  t h e  p r e s e n t  s t u d y ,  
t h i s  t i me  was a v a i l a b l e  t o  a d m i n i s t e r  t h e  a d d i t i o n a l  c o g n i t i v e  and 
a f f e c t i v e  m e a s u r e s .  Because  o f  t h e  h i s t o r y  o f  t h e  c a l c u l u s  p rogram a t
UNH, t h e  s t u d e n t s  saw t h e s e  me a s u r e s  as  a n a t u r a l  p a r t  o f  t h e  c o u r s e
e v a l u a t i o n  p r o c e s s .  'For t h i s  r e a s o n ,  t h e  a d m i n i s t r a t i o n  o f  a d d i t i o n a l  
c o g n i t i v e  and a f f e c t i v e  measurement  i n s t r u m e n t s  was a c c o m p l i s h e d  w i t h  
l i t t l e  i n t r u s i o n  t o  t h e  normal  c o u r s e  r o u t i n e ,  and we were  a b l e  t o  
g a t h e r  m u l t i p l e  u n o b t r u s i v e  me a su r e s  o f  t h e s e  v a r i a b l e s .
A l a r g e  pool  o f  t e s t  q u e s t i o n s  ha s  been  deve l op e d  f o r  e ac h  o f  t h e  
f o u r  c o u r s e  u n i t s .  Each o f  t h e  u n i t  t e s t s  c o n s i s t s  o f  f i v e  p r ob l e ms
s e l e c t e d  f rom t h e  pool  o f  q u e s t i o n s  f o r  t h a t  u n i t .  S t u d e n t s  a r e
a l l o w e d  t o  t a k e  e a c h  o f  t h e  f i r s t  t h r e e  u n i t  exams t h r e e  t i m e s  and t h e  
f o u r t h  u n i t  exam t w i c e .  In  a l l  c a s e s  t h e  s c o r e  on t h e  l a s t  exam s t a n d s  
as  t h e  s t u d e n t s '  s c o r e  on t h a t  u n i t .  The exams f o r  any p a r t i c u l a r  u n i t  
a r e  d e s i g n e d  t o  be p a r a l l e l  in  c o n t e n t ,  b u t  no i n d i v i d u a l  s t u d e n t  e v e r  
r e c e i v e s  t h e  same exam q u e s t i o n  t w i c e .
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The s p e c i f i c  c o n t e n t  o f  e ac h  u n i t  i s  summar ized be l ow:
U n i t  1: c o n c e p t  o f  l i m i t  and d e r i v a t i v e ;  c o m p u t a t i o n  o f  l i m i t s
and d e r i v a t i v e s  o f  r a t i o n a l  f u n c t i o n s  and f u n c t i o n s  i n v o l v i n g  r a d i c a l s  
and a b s o l u t e  v a l u e s ;  c h a i n ,  p r o d u c t ,  and q u o t i e n t  r u l e s ;  i m p l i c i t
d i f f e r e n t i a t i o n ;  h i g h e r  d e r i v a t i v e s ;  e q u a t i o n s  o f  t a n g e n t  l i n e s  t o
c u r v e s .
U n i t  2:  c r i t i c a l  numbers ,  r e l a t i v e  and a b s o l u t e  e x t r e m a ,
i n f l e c t i o n  p o i n t s ,  and c o n c a v i t y ,  and t h e i r  r o l e  in  c u r v e  s k e t c h i n g ;  
t h e  f i r s t  and s econd  d e r i v a t i v e  t e s t s ;  a s y m p t o t e s ;  max-min
a p p l i c a t i o n s ;  r e l a t e d  r a t e s  a p p l i c a t i o n s .
U n i t  3:  c o m p u t a t i o n  o f  a n t i d e r i v a t i v e s  w i t h  i n i t i a l  o r  b o un d a r y
c o n d i t i o n s ;  c o m p u t a t i o n  o f  d e f i n i t e  and i n d e f i n i t e  i n t e g r a l s  o f  sums 
and p r o d u c t s  o f  b a s i c  t e r ms  o f  t h e  fo rm x r ( r  a f r a c t i o n  o r  i n t e g e r  
o t h e r  t h a n  - 1 ) ,  and c o m p o s i t e s  o f  such  f u n c t i o n s ;  c ompu t i ng  a r e a s  o f  
r e g i o n s  bounded by such  f u n c t i o n s ;  comput i ng  volumes  o f  s o l i d s  o f  
r e v o l u t i o n ;  c o m p u t a t i o n  o f  a r c  l e n g t h ,  work done i n  s i m p l e  p h y s i c a l  
o p e r a t i o n s ,  and t h e  f o r c e  e x e r t e d  by a l i q u i d .
U n i t  4:  laws o f  e x p o n e n t s  and l o g a r i t h m s ;  a n a l y t i c  g e o m e t r y  o f
t h e  c o n i c  s e c t i o n s  ( p a r a b o l a ,  h y p e r b o l a ,  and e l l i p s e ) ;  d i f f e r e n t i a t i o n  
o f  f u n c t i o n s  i n v o l v i n g  l o g a r i t h m i c  and e x p o n e n t i a l  f u n c t i o n s ;  
l o g a r i t h m i c  d i f f e r e n t i a t i o n ;  a n t i d e r i v a t i v e s  o f  f u n c t i o n s  i n v o l v i n g  o r  
r e s u l t i n g  i n  l o g a r i t h m i c  and e x p o n e n t i a l  f u n c t i o n s ;  a p p l i c a t i o n s  
i n v o l v i n g  l o g a r i t h m i c  and e x p o n e n t i a l  f u n c t i o n s ,  such as  e x p o n e n t i a l  
growth and d eca y .
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At t h e  end o f  t h e  s e m e s t e r  t h e  s t u d e n t s  a r e  a d m i n i s t e r e d  a common 
f i n a l  exam.  Th i s  f i n a l  exam c o n s i s t s  o f  f o r t y  m u l t i p l e - c h o i c e  
q u e s t i o n s .  The f i n a l  exam i s  c o n v e r t e d  t o  a  1 0 0 - p o i n t  s c a l e  and t h e  
s t u d e n t ' s  g r a d e  i s  t h e n  computed g i v i n g  e qua l  w e i g h t  t o  eac h  o f  t h e  
f o u r  u n i t  exams and t h e  f i n a l  exam.
Measures  employed i n  t h e  s t u d y
P r e t e s t  me asu r e s  and c a l c u l u s  a c h i e v e m e n t  me a s u r e s
Al l  t h e  s t u d e n t s  in  t h e  c a l c u l u s  c o u r s e  were  a d m i n i s t e r e d  a 
p r e t e s t  c o v e r i n g  t h e  p r e c a l c u l u s  m a t h e m a t i c s  t o p i c s  o f  a l g e b r a  and 
t r i g o n o m e t r y  d u r i n g  t h e  f i r s t  week o f  t h e  s e m e s t e r .  The a l g e b r a  
p r e t e s t  c o n s i s t e d  o f  25 m u l t i p l e - c h o i c e  i t ems  and t h e  t r i g o n o m e t r y  
p r e t e s t  c o n s i s t e d  o f  16 m u l t i p l e - c h o i c e  i t e m s .  These  t e s t s  were  
d e v e l o p e d  by t h e  M a t h e m a t i ca l  A s s o c i a t i o n  o f  Amer i ca .  H h i l e  n o r m a l l y  
t h e s e  me a s u r e s  a r e  u s ed  f o r  d i a g n o s t i c  p u r p o s e s ,  t h e y  a l s o  c o u l d  be 
c o n s i d e r e d  as  me a s u r e s  o f  p r e v i o u s  a c h i e v e m e n t  in  p r e c a l c u l u s  
m a t h e m a t i c s  f o r  t h e  p u r p o s e s  o f  t h i s  s t u d y .  The s t u d e n t s '  s c o r e s  on 
t h e  u n i t  exams and t h e  f i n a l  exam f o r  t h e  c o u r s e  i t s e l f  were u s ed  as  
me a su r e s  o f  c u r r e n t  m a t h e m a t i c s  a c h i e v e m e n t .  The u n i t  exams c o n s i s t e d  
o f  f i v e  p rob l ems  e a c h ,  w h i l e  t h e  f i n a l  exam c o n s i s t e d  o f  40 
m u l t i p l e - c h o i c e  i t ems  c o v e r i n g  t h e  m a t e r i a l  i n  a l l  f o u r  u n i t s .  For  t h e  
p u r p o s e s  o f  t h i s  s t u d y ,  t h e  u n i t  exams were  measured  on a 1 0 0 - p o i n t  
s c a l e ,  b u t  t h e  f i n a l  exam was n o t  c o n v e r t e d  t o  a 1 0 0 - p o i n t  s c a l e .  The 
raw 4 0 - p o i n t  s c a l e  was u s ed  f o r  t h e  measure  o f  t h e  c a l c u l u s  f i n a l  exam.
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Background questionnaire measures
Al l  o f  t h e  s t u d e n t s  f i l l e d  o u t  an e x t e n s i v e  back g r o u n d  
i n f o r m a t i o n  q u e s t i o n n a i r e  in  which t h e y  r e p o r t e d  t h e i r  s c o r e s  on t h e  
q u a n t i t a t i v e  and v e r b a l  s e c t i o n s  o f  t h e  S c h o l a s t i c  A p t i t u d e  T e s t ,  
p r e v i o u s  p a r t i c i p a t i o n  i n  h i gh  s choo l  m a t h e m a t i c s  and s c i e n c e  c o u r s e s ,  
as  we l l  as  t h e i r  aca demi c  m a j o r .  The SAT s c o r e s  were used  as  m e a s u r e s  
o f  q u a n t i t a t i v e  and v e r b a l  a b i l i t y  and a c h i e v e m e n t .
Three  " p r e v i o u s  p a r t i c i p a t i o n "  me a s u r e s  were d e r i v e d  f rom t h e  
h i gh  school  c o u r s e w o r k  i n f o r m a t i o n .  P a r t i c i p a t i o n  i n  1) p r e c a l c u l u s  
m a t h e m a t i c s  ( a l g e b r a ,  g e o m e t r y ,  t r i g o n o m e t r y ,  and any m a t h e m a t i c s  
s u b j e c t s  which d i d  n o t  r e q u i r e  c a l c u l u s ) ,  2)  c a l c u l u s ,  and 3) p h y s i c a l  
s c i e n c e  ( p h y s i c s ,  c h e m i s t r y ,  and co mp u t e r  s c i e n c e )  were me as u r e d  in  
s e m e s t e r  g r a d e  p o i n t s  a c c o r d i n g  t o  t h e  s c a l e :  A = 5 ,  B = 4 ,  C = 3 ,  D =
2 ,  F = 1.  For  e xampl e ,  two s e m e s t e r s  o f  "A" work and one s e m e s t e r  o f
"B" work would r e s u l t  i n  14 s e m e s t e r  g r a d e  p o i n t s .  Two me a s u r e s  o f
" p l a n n e d  f u t u r e  p a r t i c i p a t i o n "  were  d e r i v e d  f rom t h e  s t u d e n t ' s  
i n d i c a t e d  aca demi c  m a j o r .  One me a su r e  was t h e  number o f  c o l l e g e  
s e m e s t e r  h ou r s  o f  m a t h e m a t i c s  ( c a l c u l u s  l e v e l  o r  a bove )  r e q u i r e d  f o r
t h e  s t u d e n t ' s  a cademi c  m a j o r .  The o t h e r  measure  was t h e  number  o f  
c o l l e g e  s e m e s t e r  h ou r s  o f  p h y s i c a l  s c i e n c e  and e n g i n e e r i n g  r e q u i r e d  f o r  
t h e  s t u d e n t ' s  academi c  m a j o r .  These  m e a s u r e s  p r o v i d e d  c o n v e n i e n t  ways 
o f  q u a n t i f y i n g  p r e v i o u s  and p l a n n e d  p a r t i c i p a t i o n  in  m a t h e m a t i c s ,
s c i e n c e  and e n g i n e e r i n g  f o r  t h e  p u r p o s e  o f  compar ing  s t u d e n t s '  l e v e l s  
o f  p a r t i c i p a t i o n  and t h e i r  academi c  c h o i c e s .
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A ffe c t ive  measures
In  t h e  f i r s t  few weeks o f  t h e  s e m e s t e r  a l l  s t u d e n t s  i n  t h e  c o u r s e
were a d m i n i s t e r e d  v a r i o u s  m a t h e m a t i c s  a t t i t u d e  s c a l e s .  The a t t i t u d e
measures  used were A i k e n ' s  Re v i se d  Mathemat i c s  A t t i t u d e  S c a l e  ( A i k e n ,  
1963) and f o u r  o f  t h e  Fennema-Sherman Ma t h e ma t i c s  A t t i t u d e  S c a l e s : 
U s e f u l n e s s  o f  M a t h e m a t i c s , C o n f i d e n c e  in L e a r n i n g  MaJ^hemajn_cjs, 
Mathemat i c s  as  a Male Domain, and E f f e c t a n c e  M o t i v a t i o n  i n  Ma t h e m a t i c s  
(Fennema & Sherman,  1976) .  A few o f  t h e  i t ems  on t h e s e  s c a l e s  were  
reworded s l i g h t l y  i n  o r d e r  t o  make them more a p p r o p r i a t e  f o r  c o l l e g e  
s t u d e n t s .
Al l  o f  t h e s e  s c a l e s  a r e  L i k e r t  s c a l e s .  They c o n s i s t  o f  a  s e r i e s
o f  s t a t e m e n t s  t o  which t h e  i n d i v i d u a l  r e s p o n d s  w i t h  one  o f  t h e
f o l l o w i n g  r e a c t i o n s :  s t r o n g l y  a g r e e ,  a g r e e ,  u n d e c i d e d  o r  n e u t r a l ,
d i s a g r e e ,  o r  s t r o n g l y  d i s a g r e e .  H a l f  o f  t h e  s t a t e m e n t s  a r e  s t a t e d  
p o s i t i v e l y  and h a l f  a r e  s t a t e d  n e g a t i v e l y  w i t h  r e g a r d s  t o  t h e  a t t i t u d e  
be i ng  me a su r e d .  In  t h e  c a s e  o f  t h e  s c a l e  M a t h e ma t i c s  a s  a  Male Domain, 
" p o s i t i v e "  r e f e r s  t o  t h e  t e n d e n c y  n o t  t o  s t e r e o t y p e  m a t h e m a t i c s  a s  
be i ng  more a p p r o p r i a t e  f o r  ma l es  t h a n  f e m a l e s .  The s c o r e  on t h e  s c a l e  
i s  d e t e r m i n e d  by a s s i g n i n g  w e i g h t s  f rom 1 t o  5 t o  eac h  o f  t h e
r e s p o n s e s ,  w i t h  t h e  d i r e c t i o n  d e pe n d i ng  on w h e t h e r  t h e  s t a t e m e n t  i s  
n e g a t i v e  o r  p o s i t i v e ,  and t h e n  summing t h e s e  w e i g h t s .  To c o n t r o l  f o r  
c o u r s e  e f f e c t s  on t h e s e  a t t i t u d e  m e a s u r e s ,  a l l  s t u d e n t s  were 
a d m i n i s t e r e d  any p a r t i c u l a r  measure  t h e  same week o f  t h e  s e m e s t e r .  A 
s e p a r a t e  " a n x i e t y  t owar ds  m a t h e m a t i c s "  s c a l e  was n o t  a d m i n i s t e r e d  s i n c e  
t h e r e  i s  e v i d e n c e  t h a t  c o n f i d e n c e  and a n x i e t y  t o w ar d s  m a t h e m a t i c s  seem
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t o  r e f l e c t  a s i n g l e  d i m e n s i o n  (Fennema,  1977) .
Al l  o f  t h e  above s c a l e s  were f u r t h e r  s p l i t  i n t o  two s u b s c a l e s ,  
c o r r e s p o n d i n g  t o  t h e  " p o s i t i v e "  and " n e g a t i v e "  i t e m s .  Th i s  was done 
f o r  two r e a s o n s .  F i r s t ,  t h i s  p r o v i d e d  a c o n v e n i e n t  way t o  o b t a i n  
m u l t i p l e  measuremen t s  o f  e ac h  p o s s i b l e  a f f e c t i v e  v a r i a b l e .  Th i s  
c o n s i d e r a t i o n  i s  i m p o r t a n t  f o r  d e v e l o p i n g  l a t e n t  v a r i a b l e  c o v a r i a n c e  
s t r u c t u r a l  mo d e l s ,  as  d i s c u s s e d  in  t h e  n e x t  c h a p t e r .  S e c o n d l y ,  t h e  
c o r r e l a t i o n  be tween t h e  two s u b s c a l e s  o f  any p a r t i c u l a r  s c a l e  would 
p r o v i d e  a measure  o f  how d i f f e r e n t l y  s t u d e n t s  r e s p o n d  t o  i t e m s  worded 
p o s i t i v e l y  o r  n e g a t i v e l y .
Near  t h e  end o f  t h e  s e m e s t e r  a l o c u s  o f  c o n t r o l  me asur e  was 
a d m i n i s t e r e d  t o  a l l  o f  t h e  s t u d e n t s .  In o r d e r  t o  have  a  s c a l e  
p a r t i c u l a r l y  a p p r o p r i a t e  t o  c o l l e g e  c a l c u l u s  s t u d e n t s ,  one  was 
d e v e l o p e d  by r e v i s i n g  s e v e r a l  o f  t h e  i t e m s  f rom t h e  I n t e l l e c t u a l  
Ach i eve men t  R e s p o n s i b i l i t y  Q u e s t i o n n a i r e  d e v e l o p e d  by C r a n d a l l ,  
K a tk o v s ky ,  and C r a n d a l l  ( 1 9 6 5 ) .  Th i s  new s c a l e  c o n s i s t e d  o f  18 i t e m s ;  
n i n e  o f  t h e  i t ems  were d e s i g n e d  t o  me a s u r e  a t t r i b u t i o n  o f  c a u s e  t o  
n e g a t i v e  e v e n t s  and n i n e  o f  t h e  i t ems  c o n c e r n e d  p o s i t i v e  e v e n t s .  In  
each  i t e m ,  t h e  i n d i v i d u a l  c hoos es  be t ween an e x t e r n a l  and an i n t e r n a l  
c a u s e  f o r  a g i v e n  e v e n t .  A s c o r e  f o r  e i t h e r  p o s i t i v e  o r  n e g a t i v e  
e v e n t s  can be o b t a i n e d  by t a k i n g  t h e  number o f  i t e ms  a t t r i b u t e d  t o  
i n t e r n a l  c a u s e s  f o r  t h e  a p p r o p r i a t e  i t e m s .  Thus ,  a h i gh  s c o r e  
r e p r e s e n t s  an i n t e r n a l  l o c u s  o f  c o n t r o l  and a low s c o r e  r e p r e s e n t s  an 
e x t e r n a l  l o c u s  o f  c o n t r o l .  Cop i e s  o f  t h i s  s c a l e  and t h e  a t t i t u d e  
s c a l e s  used  i n  t h e  s t u d y  can be found in t h e  a p p e n d i x .
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Cognitive measures
The c o g n i t i v e  me a s u r e s  employed i n  t h i s  s t u d y  were c h o s e n  t o  g i v e  
m u l t i p l e  i n d i c a t i o n s  o f  s p a t i a l  a b i l i t y ,  f i e l d  i n d e p e n d e n c e /  f i e l d  
d e p e n d e n c e ,  and l o g i c a l  r e a s o n i n g .
The me a s u r e s  o f  s p a t i a l  a b i l i t y  chosen  were a t w e l v e - i t e m  v e r s i o n  
o f  t h e  V i s u a l i z a t i o n  o f  R o t a t i o n s  s e c t i o n  o f  t h e  Purdue  S p a t i a l  
V i s u a l i z a t i o n  T e s t s  (PSVR, 1976 ) ,  and p a r t s  1 and 2 o f  t h e  Card 
R o t a t i o n s  t e s t  f rom t h e  Eks t rom,  F r e n c h ,  Harman and Dermon K i t  o f  
F a c t o r - R e f e r e n c e d  C o g n i t i v e  T e s t s  ( Eks t r om K i t ,  1976) .
The PSVR c o n s i s t s  o f  i t ems  which r e q u i r e  an i n d i v i d u a l  t o  
v i s u a l i z e  t h e  r o t a t i o n  o f  t h r e e - d i m e n s i o n a l  o b j e c t s .  Guay ( 19 8 0 )  has  
a r g u e d  t h a t  many o f  t h e  o t h e r  s p a t i a l  a b i l i t y  t e s t s  used i n  e d u c a t i o n a l  
r e s e a r c h  i n v o l v e  t a s k s  t h a t  can be s o l v e d  u s i n g  a n a l y t i c a l  r a t h e r  t h a n  
s p a t i a l  s t r a t e g i e s .  T h i s  would r a i s e  s u s p i c i o n s  a b o u t  t h e  c o n s t r u c t  
v a l i d i t y  o f  such  m e a s u r e s .  The PSVR was d e s i g n e d  t o  m i n i mi z e  t h e  
p o s s i b i l i t y  t h a t  an a n a l y t i c  s t r a t e g y  c ou l d  be used r a t h e r  t h a n  a 
s p a t i a l  s t r a t e g y .  The PSVR was a d m i n i s t e r e d  t o  a l l  s t u d e n t s  i n  t h e  
c a l c u l u s  c o u r s e  a t  t h e  t i m e  o f  t h e  p r e t e s t .
The Card R o t a t i o n s  t e s t  i n v o l v e s  t w o - d i m e n s i o n a l  r o t a t i o n s .  I t  
i s  d e s i g n e d  t o  be a measure  o f  " s p a t i a l  o r i e n t a t i o n " ,  which i s  d e f i n e d  
in  t h e  Eks t rom K i t  as  " t h e  a b i l i t y  t o  p e r c e i v e  s p a t i a l  p a t t e r n s  o r  t o  
m a i n t a i n  o r i e n t a t i o n  w i t h  r e s p e c t  t o  o b j e c t s  in  s pa c e "  ( Ek s t r o m e t  a l . ,  
1976) .  The Card R o t a t i o n s  t e s t  was a d m i n i s t e r e d  o n l y  t o  t h e  s p e c i a l  
sample  n e a r  t h e  b e g i n n i n g  o f  t h e  s e m e s t e r ,  b e f o r e  any c a l c u l u s  t e s t s  
were g i v e n .
38
At  t h e  same t i m e  as  t h e  a d m i n i s t r a t i o n  o f  t h e  Card  R o t a t i o n s
t e s t ,  t h e  s p e c i a l  sample  was a l s o  a d m i n i s t e r e d  t e s t s  r e p r e s e n t i n g  
m u l t i p l e  me a su r e me n t s  o f  f i e l d  i n d e p e n d e n c e /  f i e l d  d e p e n d e n c e  and 
l o g i c a l  r e a s o n i n g .  S e c t i o n s  2 and 3 o f  t h e  Group Embedded F i g u r e s  T e s t  
(GEFT, 1971)  and p a r t s  1 and 2 o f  t h e  Hidden P a t t e r n s  t e s t  f r om t h e
Eks t rom K i t  were chos en  as  me a su r e s  o f  t h e  c o g n i t i v e  s t y l e  o f  f i e l d
i n d e p e n d e n c e /  f i e l d  d e p e n de n c e .
The GEFT was d e s i g n e d  as  an a d a p t a t i o n  o f  t h e  Embedded F i g u r e s  
T e s t  ( an  i n d i v i d u a l l y  a d m i n i s t e r e d  measure  o f  f i e l d  i n d e p e n d e n c e /  f i e l d  
de p e n d e n c e )  which would be a p p r o p r i a t e  f o r  g roup  t e s t i n g  ( W i t k i n ,
Ol tman,  R a s k i n ,  and Karp ,  1971) .  The f i r s t  s e c t i o n  o f  t h e  GEFT i s  
c o n s i d e r e d  a s  a  "warm-up" when t h e  GEFT i s  a d m i n i s t e r e d  t o  c o l l e g e  
s t u d e n t s  a s  i t  was i n  t h i s  s t u d y .  The i t e m s  on t h e  GEFT r e q u i r e  an
i n d i v i d u a l  t o  l o c a t e  a s i m p l e  p l a n e  f i g u r e  embedded i n  a  more complex
p l a n e  f i g u r e .  The Hidden P a t t e r n s  t e s t  i s  a s i m i l a r  me asu r e  which 
r e q u i r e s  an i n d i v i d u a l  t o  n o t e  w h e t h e r  o r  n o t  a g i v e n  l i n e  p a t t e r n  i s  
embedded i n  a n o t h e r  p a t t e r n .  Eks t rom e t  a l . (1976)  r e f e r  t o  t h e  Hidden 
P a t t e r n s  t e s t  a s  a me a s u r e  o f  a f a c t o r  c a l l e d  " f l e x i b i l i t y  o f  c l o s u r e " ,  
and n o t e  t h a t  w h i l e  i t  a p p e a r s  r e l a t e d  t o  f i e l d  i n d e p e n d e n c e / f i e l d  
d e p e n d e n c e ,  t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  t h e y  a r e  n o t  i d e n t i c a l
c o n s t r u c t s .
The me a s u r e s  o f  l o g i c a l  r e a s o n i n g  chos en  f o r  t h i s  s t u d y  a l s o  come 
f rom t h e  Eks t rom K i t .  These were  p a r t s  1 and 2 o f  t h e  Nonsense
S . y l logi sms  t e s t  and p a r t s  1 and 2 o f  t h e  Diagramming R e l a t i o n s h i p s  
t e s t .  The Nonsense  S y l l o g i s m s  t e s t  c o n s i s t s  o f  s y l l o g i s m s  made up o f
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n o n s e n s e  s t a t e m e n t s ,  t o  c o n t r o l  f o r  i n d i v i d u a l s '  p r e v i o u s  e x p e r i e n c e  
w i t h  p a r t i c u l a r  s u b j e c t  m a t t e r .  The i n d i v i d u a l  i s  r e q u i r e d  t o  j u d g e  
t h e  c o r r e c t n e s s  o f  t h e  r e a s o n i n g  d i s p l a y e d  i n  each  s y l l o g i s m .  A 
Diagramming R e l a t i o n s h i p s  t e s t  i t e m r e q u i r e s  t h e  i n d i v i d u a l  t o  s e l e c t  
t h e  c o r r e c t  Venn d i a g r a m r e p r e s e n t i n g  t h e  i n c l u s i o n  r e l a t i o n s h i p s  f o r  
t h r e e  g i v e n  s e t s  o f  t h i n g s .  For  examples  o f  i t ems  f rom t h e  PSVR and 
t h e  v a r i o u s  t e s t s  chos en  f rom t h e  Eks t rom K i t ,  p l e a s e  r e f e r  t o  t h e  
appendi  x .
Because  o f  t h e  l a r g e  number  o f  me a su r e s  employed i n  t h i s  s t u d y  i t  
would be h e l p f u l  t o  have  a s y s t em o f  a b b r e v i a t i o n s  f o r  f u t u r e  
r e f e r e n c e .  These  a b b r e v i a t i o n s  a r e  a r r a n g e d  i n  T a b l e s  1 t h r o u g h  4 
a c c o r d i n g  t o  t h e  s o u r c e  o f  t h e  m e a s u r e s :  p r e t e s t  me a s u r e s  and c a l c u l u s
a c h i e v e m e n t  m e a s u r e s ,  b a c kg r ound  q u e s t i o n n a i r e  m e a s u r e s ,  a f f e c t i v e  
m e a s u r e s ,  and c o g n i t i v e  m e a s u r e s .
T a b l e  1.  P r e t e s t  m e a s u r e s  and c a l c u l u s  a c h i e v e m e n t  me a s u r e s  
A b b r e v i a t i o n  D e s c r i p t i o n
ALG p r e t e s t  i t e m s  c o v e r i n g  a l g e b r a  (25 i t e m s )
TRIG p r e t e s t  i t em s  c o v e r i n g  t r i g o n o m e t r y  (16  i t e m s )
UNIT1 c a l c u l u s  u n i t  1 exam s c o r e  ( o u t  o f  100 p o i n t s )
UNIT2 c a l c u l u s  u n i t  2 exam s c o r e  ( o u t  o f  100 p o i n t s )
UNIT3 c a l c u l u s  u n i t  3 exam s c o r e  ( o u t  o f  100 p o i n t s )
UNIT4 c a l c u l u s  u n i t  4 exam s c o r e  ( o u t  o f  100 p o i n t s )
FINAL c a l c u l u s  f i n a l  exam s c o r e  (40  i t e m s )
Table 2. Measures from background questionnaire
A b b r e v i a t i o n  D e s c r i p t i o n
QSAT q u a n t i t a t i v e  S c h o l a s t i c  A p t i t u d e  T e s t  s c o r e
VSAT v e r b a l  S c h o l a s t i c  A p t i t u d e  T e s t  s c o r e
HSPC s e m e s t e r  g r a d e  p o i n t s  i n  p r e c a l c u l u s
m a t h e m a t i c s  ( a l g e b r a ,  t r i g o n o m e t r y ,  e t c . )
HSCA s e m e s t e r  g r a d e  p o i n t s  i n  c a l c u l u s
HSPS s e m e s t e r  g r a d e  p o i n t s  i n  p h y s i c a l  s c i e n c e
( p h y s i c s ,  c h e m i s t r y ,  and comput e r  s c i e n c e )
RQMA s e m e s t e r  hour s  o f  m a t h e m a t i c s  ( c a l c u l u s  and
above)  r e q u i r e d  f o r  ch o s e n  academi c  ma jo r
RQPS s e m e s t e r  h ou r s  o f  p h y s i c s ,  c h e m i s t r y ,  c omput e r  s c i e n c e ,
and e n g i n e e r i n g  r e q u i r e d  f o r  chosen  academi c  ma j o r
T a b l e  3.  C o g n i t i v e  measure s
A b b r e v i a t i o n  D e s c r i p t i o n
GEFT2 s e c t i o n  2 s c o r e  o f  Group Embedded F i g u r e s  T e s t  ( 9  i t e m s )
GEFT3 s e c t i o n  3 s c o r e  o f  Group Embedded F i g u r e s  T e s t  ( 9  i t e m s )
HPT1 p a r t  1 s c o r e  o f  Hidden P a t t e r n s  (200 i t e m s )
HPT2 p a r t  2 s c o r e  o f  Hidden P a t t e r n s  (200 i t e m s )
NS1 p a r t  1 s c o r e  o f  Nonsense  S y l l o g i s m s  (15  i t e m s )
NS2 p a r t  2 s c o r e  o f  Nonsense  S y l l o g i s m s  (15  i t e m s )
DR1 p a r t  1 s c o r e  o f  Diagramming R e l a t i o n s h i p s  (15  i t e m s )
DR2 p a r t  2 s c o r e  o f  Diagramming R e l a t i o n s h i p s  (15  i t e m s )
CR1 p a r t  1 s c o r e  o f  Card R o t a t i o n s  (80  i t e m s )
CR2 p a r t  2 s c o r e  o f  Card R o t a t i o n s  (80 i t e m s )
PSVR 1 2 - i t e m  v e r s i o n  o f  t h e  V i s u a l i z a t i o n  o f  R o t a t i o n s
s e c t i o n  o f  t h e  Purdue  S p a t i a l  V i s u a l i z a t i o n  T e s t s
Table 4. A f fe c t ive  measures
A b b r e v i a t i o n  D e s c r i p t i o n
AIKP s c o r e  on t h e  10 " p o s i t i v e "  i t ems  f rom
A i k e n ' s  R e v i s e d  Ma t h e m a t i c s  A t t i t u d e  S c a l e
AIKN s c o r e  on t h e  10 " n e g a t i v e "  i t ems  f rom
A i k e n ' s  Re v i se d  Ma t h e m a t i c s  A t t i t u d e  S c a l e
CLMP s c o r e  on t h e  6 " p o s i t i v e "  i t ems  f rom
Fennema-Sherman C o n f i d e n c e  in  L e a r n i n g  
Ma t he ma t i c s  S c a l e
CLMN s c o r e  on t h e  6 " n e g a t i v e "  i t ems  f rom
Fennema-Sherman C o n f i d e n c e  in  L e a r n i n g  
Ma t hema t i c s  S c a l e
PUMP s c o r e  on t h e  6 " p o s i t i v e "  i t ems  f rom
Fennema-Sherman U s e f u l n e s s  o f  Ma t h e ma t i c s  S c a l e
PUMN s c o r e  on t h e  6 " n e g a t i v e "  i t em s  f rom
Fennema-Sherman U s e f u l n e s s  o f  Ma t h e m a t i c s  S c a l e
SMDP s c o r e  on t h e  6 " p o s i t i v e "  i t ems  f rom
Fennema-Sherman Ma t h e m a t i c s  a s  a 
Male Domain S c a l e
SMDN s c o r e  on t h e  6 " n e g a t i v e "  i t ems  f rom
Fennema-Sherman Ma t h e m a t i c s  a s  a 
Male Domain S c a l e
EFMP s c o r e  on t h e  6 " p o s i t i v e "  i t ems  f rom
Fennema-Sherman E f f e c t a n c e  M o t i v a t i o n  i n  
Ma t h e m a t i c s  S c a l e
EFMN s c o r e  on t h e  6 " n e g a t i v e "  i t e m s  f rom
Fennema-Sherman E f f e c t a n c e  M o t i v a t i o n  i n  
M a t h e m a t i c s  S c a l e
LCIP l o c u s  o f  c o n t r o l  s c o r e  f o r  p o s i t i v e  e v e n t s
(9  i t e m s ;  h i gh  s c o r e s  r e p r e s e n t  i n t e r n a l  l o c u s  
and low s c o r e s  r e p r e s e n t  e x t e r n a l  l o c u s )
LCIN l o c u s  o f  c o n t r o l  s c o r e  f o r  n e g a t i v e  e v e n t s
(9  i t e m s ;  h i gh  s c o r e s  r e p r e s e n t  i n t e r n a l  l o c u s  
and low s c o r e s  r e p r e s e n t  e x t e r n a l  l o c u s )
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Adm inistration o f  the measures
Exce p t  f o r  t h e  l o c u s  o f  c o n t r o l  me asu r e s  and t h e  c a l c u l u s  exams 
t h e m s e l v e s ,  a l l  o f  t h e  me a su r e s  were r e c o r d e d  o r  a d m i n i s t e r e d  b e f o r e  o r  
d u r i n g  t h e  t h i r d  week o f  t h e  s e m e s t e r  ( t h e  f i r s t  week t h a t  t h e  f i r s t  
u n i t  c a l c u l u s  exam was a d m i n i s t e r e d )  i n  o r d e r  t o  mi n i mi ze  e f f e c t s  o f  
t h e  c o u r s e  i t s e l f  on t h e  m e a s u r e s .  Many o f  t h e  i t e m s  on t h e  l o c u s  o f  
c o n t r o l  me asu r e s  were worded so t h a t  t h e y  r e f e r r e d  t o  e x p e r i e n c e s  o f  
t h e  s t u d e n t  in  t h e  c a l c u l u s  c o u r s e  i t s e l f .  I t  t h e r e f o r e  made s e n s e  t o  
p o s t p o n e  t h e  a d m i n i s t r a t i o n  o f  t h e  l o c u s  o f  c o n t r o l  me a s u r e s  u n t i l  
l a t e r  i n  t h e  s e m e s t e r .  The e x a c t  s c h e d u l e  o f  a d m i n i s t r a t i o n  f o l l o w s :
T a b l e  5.  Sch e d u l e  f o r  me asu r e s
week 1: ALG, TRIG, QSAT, VSAT, HSPC, HSCA, HSPS, RQMA, RQPS,
PSVR, AIKP, AIKN, CLMP, CLMN
week 2:  GEFT2, GEFT3, HPT1, HPT2, NS1, NS2, DR1, DR2, CR1, CR2
week 3: PUMP, PUMN, SMDP, SMDN, EFMP, EFMN, UNIT1
weeks 4 - 12 :  UNIT1, UNIT2, UNIT3, and r e t a k e s  o f  t h e s e  exams
weeks 13-14 :  LCIP,  LCIN, UNIT4, r e t a k e s  o f  UNIT4
week 15: FINAL
In  Tab l e  6 , we r e p o r t  t h e  r e l i a b i l i t i e s  f o r  t h e  a l g e b r a  and 
t r i g o n o m e t r y  p r e t e s t s ,  t h e  f i n a l  exam,  and t h e  c o g n i t i v e  and a f f e c t i v e  
m e a s u r e s .  I f  an e s t i m a t e  o f  r e l i a b i l i t y  c o u l d  n o t  be found  i n  t h e  
l i t e r a t u r e ,  we computed C r o n b a c h ' s  c o e f f i c i e n t  a l p h a  e s t i m a t e  o f  
r e l i a b i l i t y  u s i n g  i t e m  d a t a  f rom o u r  sample  (N = 2 6 8 ) .  We i n d i c a t e  t h e  
s ou r c e  o f  each  r e l i a b i l i t y  e s t i m a t e  by e i t h e r  c i t i n g  t h e  a p p r o p r i a t e  
l i t e r a t u r e  r e f e r e n c e ,  o r  by i n d i c a t i n g  " s a mp l e " .
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sample  ( f o r  12 - i t e m  v e r s i o n )  
(KR-20 e s t i m a t e s ;  Guay,  1980)
(Spearman-Brown e s t i m a t e ;  
W i t k i n ,  e t .  a l . ,  1971)
( 1 1 t h  & 1 2 t h  g r a d e r s ;
Eks t rom,  e t .  a l . ,  1976)
( 1 1 t h  & 1 2 t h  g r a d e r s ;
Eks t r om,  e t .  a l . ,  1976)
( n a v a l  r e c r u i t s ;
Eks t r om,  e t .  a l . ,  1976)
( 1 1 t h  & 1 2 t h  g r a d e r s ;
Eks t rom,  e t .  a l . ,  1976)
sample
sample
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S t a t i s t i c a l  T e s t s  and Me t hodo l ogy  Used in  t h e  S t udy
Under  t h e  a s s u m p t i o n  o f  m u l t i v a r i a t e  n o r m a l i t y  o f  t h e  p o p u l a t i o n s  
in  q u e s t i o n ,  t h e r e  a r e  s e v e r a l  s t a t i s t i c s  a v a i l a b l e  f o r  t e s t i n g  t h e  
h y p o t h e s i s :
where L f and L m a r e  t h e  c o v a r i a n c e  m a t r i c e s  o f  f e m a l e s  and ma les  
r e s p e c t i v e l y  f o r  t h e  m e a s u r e s  j u s t  d i s c u s s e d .  The a l t e r n a t i v e  
h y p o t h e s i s  i n  t h i s  c a s e  i s  t h a t  Z r and a r e  any two g e n e r a l
p o s i t i v e  d e f i n i t e  m a t r i c e s .  Some o f  t h e  t e s t s  a v a i l a b l e  i n c l u d e  Bo x ' s  
M s t a t i s t i c ,  Roy ' s  l a r g e s t  r o o t  and o t h e r s .  See M o r r i s on  ( 19 7 6 )  f o r  
d e t a i l s .  S i n c e  t h e  m e a s u r e s  c o n s i d e r e d  i n  t h i s  s t u d y  a r e  a l l  sums,  
e i t h e r  o f  t e s t  i t em s c o r e s ,  s e m e s t e r  g r a d e  p o i n t s  o r  s e m e s t e r  h o u r s ,  
t h e  a s s u m p t i o n  o f  m u l t i v a r i a t e  n o r m a l i t y  does  n o t  a p p e a r  a t  a l l  
u n w a r r a n t e d .  Box ' s  M s t a t i s t i c  was chosen  i n  t h i s  s t u d y  b e c a u s e  o f  i t s  
a v a i l a b i l i t y  in  t h e  SPSS s t a t i s t i c a l  s o f t w a r e  p a c k a g e .
A f t e r  t e s t i n g  t h i s  h y p o t h e s i s ,  we had two r o u t e s  t o  t a k e  i n  t e rm s  
o f  d e v e l o p i n g  c a u s a l  m o d e l s .  The two p o s s i b i l i t i e s  were :
H0 r e j e c t e d :  A c a u s a l  model s ho u l d  be d e v e l o p e d  f o r  m a l e s  and
f e m a l e s  s e p a r a t e l y  based  on a sample  c o v a r i a n c e  m a t r i x  f rom e ac h  g r o u p .
H0 h e l d  t e n a b l e :  An a d d i t i o n a l  h y p o t h e s i s  s ho u l d  be t e s t e d
s i n c e  t h e  two g r oups  a r e  assumed t o  s h a r e  t h e  same c o v a r i a n c e
s t r u c t u r e .  Tha t  i s ,
H0 : Jlf = Jim
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s hou l d  be t e s t e d  and a d i s c r i m i n a n t  a n a l y s i s  s h o u l d  be p e r f o r m e d .  A 
s i n g l e  c a u s a l  model s h o u l d  be d e v e l o p e d  b a s ed  on t h e  p o o l e d  sample  
e s t i m a t e  o f  t h e  c o v a r i a n c e  m a t r i x  ( i f  mean v e c t o r s  do n o t  d i f f e r )  o r  
based  on t h e  p o o l e d  c o v a r i a n c e  m a t r i c e s  ( i f  mean v e c t o r s  do d i f f e r ) .
I n  d e v e l o p i n g  l a t e n t  v a r i a b l e  s t r u c t u r a l  mode l s  b a s e d  on a sample  
c o r r e l a t i o n  o r  c o v a r i a n c e  m a t r i x ,  some o f  t h e  s t a t i s t i c a l  t o o l s  
u t i l i z e d  i n c l u d e d  c a n o n i c a l  c o r r e l a t i o n  a n a l y s i s ,  p r i n c i p a l  component  
a n a l y l s i s ,  and t r a d i t i o n a l  f a c t o r  a n a l y s i s .  R e f e r  t o  M o r r i s o n  ( 1976)  
f o r  d e s c r i p t i o n s  o f  each  o f  t h e s e  t e c h n i q u e s .  We n o t e  t h a t  m u l t i p l e  
r e g r e s s i o n  i s  a c t u a l l y  j u s t  a s p e c i a l  c a s e  o f  c a n o n i c a l  c o r r e l a t i o n  
a n a l y s i s  and t h a t  c a n o n i c a l  c o r r e l a t e s  and p r i n c i p a l  component s  can  be 
found by e x t r a c t i n g  e i g e n v e c t o r s  c o r r e s p o n d i n g  t o  m a t r i c e s  d e r i v e d  f rom 
t h e  sample  c o v a r i a n c e  m a t r i x .  Al l  t h e s e  t e c h n i q u e s  p r o v i d e  ways o f  
e x p l o r i n g  t h e  s t r u c t u r e  u n d e r l y i n g  t h e  c o v a r i a n c e s .  C h a p t e r  I I I  i s  
d e v o t e d  t o  an e x p l a n a t i o n  o f  s t r u c t u r a l  c o v a r i a n c e  mode l s  and r e l a t e d  
t e r m i n o l o g y .
Lohnes '  F a c t o r i a l  Mode l i ng  t e c h n i q u e  was u s ed  t o  b o t h  e s t i m a t e  
t h e  p a r a m e t e r s  o f  t h e  mode l s  and t o  c h e c k  w h e t h e r  t h e  mode l s  were 
s u p p o r t e d  by t h e  d a t a  g a t h e r e d  f rom t h e  s e c o n d  s amp l e .  F a c t o r i a l  
Model i ng  (FaM) i s  a c o r r e l a t i o n  m a t r i x  f a c t o r i n g  p r o c e d u r e  b a s e d  on 
some o f  t h e  t e c h n i q u e s  o f  Gut tman ( 1 9 4 0 ,  1944,  195 2 ) .  I t  does  n o t  r e l y  
on maximum l i k e l i h o o d  t e c h n i q u e s ,  e i g e n v a l u e  c o m p u t a t i o n ,  o r  l e a s t  
s q u a r e s  c a l c u l a t i o n s  as  do o t h e r  p r o c e d u r e s  such  as  J o r e s k o g ' s  LISREL 
o r  some o f  t h e  e x p l o r a t o r y  t e c h n i q u e s  m e n t i o n e d  abo v e .  I t  i s  hoped 
t h a t  FaM a l l o w s  f o r  m e a n i n g f u l  r e p l i c a t i o n  o f  r e s u l t s  w i t h  mode l s  t h a t
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a r e  f i t t e d  t o  o b s e r v a t i o n a l  d a t a  g a t h e r e d  in  e d u c a t i o n a l  s e t t i n g s .  
F a c t o r i a l  Model ing i s  d i s c u s s e d  i n  C h a p t e r  IV.
As i s  o f t e n  t h e  c a s e  w i t h  c e r t a i n  measurement s  i n  e d u c a t i o n a l  
r e s e a r c h  ( s u c h  as  a t t i t u d e  s c a l e s ) ,  we had t o  dea l  w i t h  t h e  p r o b l e m  o f  
m i s s i n g  o b s e r v a t i o n s .  In  t h e  p r e s e n t  s t u d y ,  we had c o mp l e t e  d a t a  f rom 
t h e  p r e t e s t s ,  u n i t  exams,  f i n a l  exam,  c o g n i t i v e  m e a s u r e s ,  and 
background  q u e s t i o n n a i r e  f o r  a l l  s t u d e n t s  in  o u r  sampl e .  However ,  even  
a f t e r  f o l l o w - u p  m a i l i n g  and t e l e p h o n i n g ,  we found  t h a t  5 t o  15 p e r  c e n t  
o f  t h e  sample  d i d  n o t  p r o v i d e  a r e s p o n s e  on any p a r t i c u l a r  a f f e c t i v e  
me a s u r e .
S t a t i s t i c a l  s o f t w a r e  p a c k a g e s  such  as  SPSS o f t e n  a l l o w  two 
o p t i o n s  f o r  comput ing  c o v a r i a n c e  m a t r i c e s  when some component s  o f  t h e  
r e s p o n s e  v e c t o r  a r e  m i s s i n g  f o f  some o f  t h e  i n d i v i d u a l s .  One o p t i o n  i s  
t o  compute t h e  sample c o v a r i a n c e  m a t r i x  u s i n g  o n l y  t h o s e  i n d i v i d u a l s  
w i t h  f u l l  r e s p o n s e  v e c t o r s .  The o t h e r  o p t i o n  i s  t o  compute  eac h  e n t r y  
o f  t h e  c o v a r i a n c e  m a t r i x  ( i . e .  e ac h  c o v a r i a n c e  be tween two r e s p o n s e s )  
b a s ed  on a l l  i n d i v i d u a l s  w i t h  t h e  r e s p o n s e s  r e q u i r e d  f o r  t h a t  
p a r t i c u l a r  e n t r y .  N e i t h e r  o p t i o n  made much s e n s e  i n  t h i s  s t u d y .  
Because  o f  t h e  number o f  a f f e c t i v e  s c a l e s  employed ,  t h e  f i r s t  o p t i o n  
would have  r e s u l t e d  in  a s m a l l ,  p o s s i b l y  n o n r e p r e s e n t a t i v e  s ampl e  on 
which t o  ba s e  r e s u l t s .  The s econd  o p t i o n  r e s u l t s  in  a c o v a r i a n c e  
m a t r i x  made o f  e n t r i e s  ba s ed  on s e v e r a l  d i f f e r e n t  s a m p l e s ,  w h i l e  t h e  
t e s t  s t a t i s t i c  used in  t h i s  s t u d y  ( B o x ' s  M) i s  bas ed  on t h e  a s s u m p t i o n  
t h a t  t h e  m a t r i x  o f  c o v a r i a n c e s  comes f rom a s i n g l e  s ampl e .
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We d e c i d e d  t o  use  a p r o c e d u r e  d i s c u s s e d  by Ander son  ( 19 5 7 )  f o r  
comput ing  maximum l i k e l i h o o d  e s t i m a t e s  o f  t h e  means and c o v a r i a n c e s  
which u t i l i z e s  a l l  a v a i l a b l e  r e s p o n s e s  f rom s u b j e c t s  i n  t h e  s am p l e .  We 
r e f e r  t h e  r e a d e r  t o  t h e  o r i g i n a l  a r t i c l e  by Ander son  ( 1 957 )  o r  t o  t h e  
d i s c u s s i o n  o f  t h e  method i n  Mo r r i s o n  (1976)  f o r  t h e  d e t a i l s  and 
f o r m u l a s  i n v o l v e d  i n  t h e  p r o c e d u r e .  For  a d i s c u s s i o n  o f  t h e  mos t  
e f f i c i e n t  ways t o  c a r r y  o u t  t h e s e  c o m p u t a t i o n s ,  s ee  Rubin ( 1 9 7 4 ) .
In  summary,  o u r  a p p r o a c h  t o  t h e  i n v e s t i g a t i o n  o f  sex  d i f f e r e n c e s  
i n  m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n  was t o  f o c u s  p r i m a r y
a t t e n t i o n  on p o s s i b l e  d i f f e r e n c e s  in t h e  c o v a r i a n c e  s t r u c t u r e s  o f  t h e  
r e l e v a n t  me a su r e s  f o r  ma l e s  and f e m a l e s .  In  t h e  m u l t i v a r i a t e  normal  
s e t t i n g ,  many t e s t s  o f  e q u a l i t y  f o r  mean v e c t o r s  r e q u i r e  equa l  
v a r i a n c e - c o v a r i a n c e  m a t r i c e s  o f  t h e  g r oups  i n v o l v e d ,  a s  does  
d i s c r i m i n a n t  a n a l y s i s .  Hence ,  me a su r e s  o f  d i s p e r s i o n ,  n o t  l o c a t i o n ,  
demand o u r  i n i t i a l  a t t e n t i o n .  The s e p a r a t e  c o v a r i a n c e  s t r u c t u r a l
models  d e v e l o p e d  f o r  ma l e s  and f e m a l e s  in  t h i s  s t u d y  p r o v i d e  a r i c h  
means o f  c o m p a r i s on  f o r  t h e  i n v e s t i g a t i o n  o f  sex d i f f e r e n c e s .
The l a ng ua g e  and t o o l s  o f  c a u s a l  models  a r e  d i s c u s s e d  i n  t h e  n e x t  
c h a p t e r  t o  p r o v i d e  t h e  r e a d e r  w i t h  some b a c k g r o u n d  i n  t h i s  a r e a .
F a c t o r i a l  Mo d e l i ng ,  a s p e c i f i c  t o o l  o f  c a u s a l  m o d e l i n g  p a r a m e t e r  
e s t i m a t i o n  and f i t t i n g  o f  which we make much u s e ,  i s  d i s c u s s e d  i n  
C h ap t e r  IV.  We hope t h a t  t h i s  s t u d y  mi gh t  a l e r t  t h e  r e a d e r  t o  t h e
p o s s i b i l i t i e s  o f  a p p l y i n g  t h i s  me t hodo l ogy  in  e d u c a t i o n a l  r e s e a r c h .
CHAPTER I I I  
CAUSAL MODELING
The p u r p o s e  o f  t h i s  c h a p t e r  i s  t o  d i s c u s s  t h e  b a s i c s  o f  c a u s a l  
mode l ing  and t h e  t o o l s  o f  l i n e a r  s t r u c t u r a l  e q u a t i o n s  and p a t h  a n a l y s i s  
wh i l e  e s t a b l i s h i n g  n o t a t i o n  and t e r m i n o l o g y  f o r  s u b s e q u e n t  d i s c u s s i o n .  
A g e n e r a l  r e f e r e n c e  on c a u s a l  mo de l i ng  i s  p r o v i d e d  by Kenny ( 1 9 7 9 ) .  An 
o v e r v i e w  o f  c a u s a l  mo d e l i n g  w i t h  l a t e n t  v a r i a b l e s  which i n c l u d e s  an 
e x c e l l e n t  b i b l i o g r a p h y  i s  p r o v i d e d  by B e n t l e r  ( 1 9 8 0 ) .  J o r e s k o g  and 
Sorbom' s  LISREL VI Manual p r o v i d e s  b o t h  examples  o f  c a u s a l  mode l i ng  and 
uses  o f  t h e  s t a t i s t i c a l  t e c h n i q u e  o f  maximum l i k e l i h o o d  f a c t o r  a n a l y s i s .
P a r am e t e r  N o t a t i o n
l e t  X, and X2 d e n o t e  random v a r i a b l e s  measured  on a g i v e n  
p o p u l a t i o n .  Le t  jUi and / j 2 d e n o t e  t h e  r e s p e c t i v e  p o p u l a t i o n  means 
o f  t h e s e  v a r i a b l e s .  We w i l l  use  t h e  f o l l o w i n g  n o t a t i o n s :
Co v ( Xi , X2 ) = c o v a r i a n c e  o f  X, and X2
C ov( X, , X2 ) = (1 /N)
where t h e  summat ion i s  o v e r  a l l  N members o f  t h e  p o p u l a t i o n .  
Th u s ,
C o v ( X i , X , )  = V a r (X , )  = v a r i a n c e  o f  X, 
= (1/N)
The c o r r e l a t i o n  be t ween X] and X2 i s  d e f i n e d  as
p 12 = Cov(X,  ,X2 ) /  *v/ v a r ( X , ) V a r ( X 2 )
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We can s t a n d a r d i z e  t h e  v a r i a b l e  Xi by s u b t r a c t i n g  i t s  mean and t h e n  
d i v i d i n g  by i t s  s t a n d a r d  d e v i a t i o n , i . e . ,  <Xi -  jLh) /  -\J V a r ( X , )
i s  a s t a n d a r d i z e d  v a r i a b l e .  S t a n d a r d i z e d  v a r i a b l e s  have mean z e r o  and 
u n i t  v a r i a n c e  and t h e  c o v a r i a n c e  between any two o f  them i s  t h e  same as  
t h e i r  c o r r e l a t i o n .
Causal  Models and S t r u c t u r a l  Eq ua t i o n s
The o b j e c t i v e  o f  c a u s a l  mode l i ng  i s  t o  e x p l a i n  bo t h  c a u s a l  and 
n o n - c a u s a l  i n f l u e n c e s  be t ween v a r i a b l e s .  For  exampl e ,  s uppose  two 
v a r i a b l e s  Xi and X2 a r e  p o s i t i v e l y  c o r r e l a t e d .  There  c o u l d  be 
v a r i o u s  e x p l a n a t i o n s  f o r  t h i s  c o r r e l a t i o n .  I s  t h e r e  a c a u s a l
r e l a t i o n s h i p  be t ween t h e  v a r i a b l e s ?  I f  s o ,  what  i s  i t s  d i r e c t i o n
( i . e . ,  does  X, c a u s e  X2 o r  v i c e - v e r s a ) ?  Or i s  t h e r e  a t h i r d
v a r i a b l e  X3 which c a u s e s  bo t h  Xi and X2 , making t h e  r e l a t i o n s h i p  
between them a s p u r i o u s  one?  Causa l  model s  a t t e m p t  t o  answer  such 
q u e s t i o n s  by s p e c i f y i n g  c a u s a l  r e l a t i o n s h i p s  between t h e  v a r i a b l e s  
i n c l u d e d  in t h e  model and t h e  d i r e c t i o n s  o f  t h o s e  r e l a t i o n s h i p s .
Moreover ,  a c a u s a l  model s ee k s  t o  d e s c r i b e  t h e  r e l a t i v e  m a g n i t u d es  o f  
t h e s e  c a u s a l  i n f l u e n c e s  among v a r i a b l e s  i n  such a way t h a t  t h e  
c o v a r i a n c e s  and v a r i a n c e s  arc- a c c o u n t e d  f o r .  For  c o m p l e t e n e s s  o f  t h e  
mode l ,  c o v a r i a n c e s  be t ween v a r i a b l e s  f o r  which no c a u s a l  s t a t e m e n t  i s  
made a r e  a l s o  s t a t e d  s o  t h a t  t h e  c o m p l e t e  s e t  o f  v a r i a n c e s  and
c o v a r i a n c e s  may be r e c o v e r e d  f rom t h e  mode l .  I t  i s  f o r  t h e s e  r e a s o n s  
t h a t  i t  mi gh t  be more a p p r o p r i a t e  t o  r e f e r  t o  c a u s a l  mode l s  as
c o v a r i a n c e  s t r u c t u r a l  mo d e l s .
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I f  t h e  common a s s u m p t i o n s  o f  l i n e a r i t y  and a d d i t i v i t y  o f  e f f e c t s  
a r e  a d o p t e d  t h e n  a c a u s a l  model can be d e s c r i b e d  t h r o u g h  a s e t  o f  
s t r u c t u r a l  e q u a t i o n s . A s t r u c t u r a l  e q u a t i o n  i s  a l i n e a r  e q u a t i o n  which 
e x p r e s s e s  one v a r i a b l e ,  t h e  e f f e c t ,  i n  t e rms  o f  one o r  more o t h e r  
v a r i a b l e s ,  t h e  c a u s e s .  Thus a l i n e a r  s t r u c t u r a l  e q u a t i o n  r e s e m b l e s  a 
l i n e a r  r e g r e s s i o n  e q u a t i o n  w i t h  the e f f e c t  p l a y i n g  t h e  r o l e  o f  t h e  
d e p e n d e n t  v a r i a b l e  and t h e  c a u s e s  p l a y i n g  t h e  r o l e s  o f  t h e  i n d e p e n d e n t  
v a r i a b l e s .  To e mp h a s i ze  t h e  d i s t i n c t i o n  be t ween  s t r u c t u r a l  and 
r e g r e s s i o n  e q u a t i o n s  we w i l l  f o l l o w  Kenny ' s  ( 1979)  use  o f  t e r m i n o l o g y  
and r e f e r  t o  e f f e c t s  a s  endogenous  v a r i a b l e s  and t o  c a u s e s  a s  exogenous  
v a r i a b l e s .
For  exampl e ,  su p p o se  we have measured  v a r i a b l e s  X , ,  X2 ,
X3 , and X4 t h a t  a r e  s t a n d a r d  in t h e  s e n s e  o f  common mean z e r o  and 
u n i t  v a r i a n c e .  A model m i g h t  s t i p u l a t e  t h a t
X, = aX2 + bX3 
X2 = cX3 + dX4
P 3 4  = P
where p i s  t h e  c o r r e l a t i o n  s t a t e d  be t ween X3 and X4 s i n c e  t h e  
c a u s e s  o f  t h e s e  v a r i a b l e s  a r e  n o t  d e s c r i b e d  by t h e  mode l .
The s t r u c t u r a l  p a r a m e t e r s  o f  t h i s  model a r e  t h e  s t r u c t u r a l  
c o e f f i c i e n t s  ( o r  p a t h  c o e f f i c i e n t s ) a ,  b ,  c ,  d a l o n g  w i t h  t h e  s t a t e d  
c o r r e l a t i o n  p.  In  t h i s  model X, i s  p u r e l y  e n d o ge n o us ;  X3 and X4 
a r e  p u r e l y  exog e n o u s ;  X2 i s  b o t h  an endogenous  and exogenous
v a r i a b l e .  The model s t a t e s  t h a t  Xi i s  c o m p l e t e l y  d e t e r m i n e d  by X2 
and X3 w h i l e  X2 i s  d e t e r m i n e d  by X3 and X4 . The model makes no 
s t a t e m e n t  r e g a r d i n g  t h e  c a u s e s  o f  X3 and X4 . In i n t e r p r e t i n g  t h e  
s t r u c t u r a l  e q u a t i o n s ,  t h e  model i n d i c a t e s  t h a t  i f  X3 i s  h e l d  f i x e d  
and X2 i s  i n c r e a s e d  by one  s t a n d a r d  d e v i a t i o n ,  t h e n  one w i l l  s ee  a 
c o r r e s p o n d i n g  i n c r e a s e  in  Xi o f  ( a )  s t a n d a r d  d e v i a t i o n s .  However ,  i f  
X4 i s  h e l d  f i x e d  and X3 i s  i n c r e a s e d  by one s t a n d a r d  d e v i a t i o n ,  
t h e n  X2 w i l l  i n c r e a s e  by (b + a c )  s t a n d a r d  d e v i a t i o n s  (due  t o  
i n c r e a s e s  i n  bo t h  X2 and X3) .
I t  does  n o t  make s e n s e  t o  s o l v e  a s t r u c t u r a l  e q u a t i o n  f o r  one  o f  
t h e  exogenous  v a r i a b l e s  as  i f  i t  were s i mp l y  an a l g e b r a i c  e q u a t i o n .  
Th i s  becomes c l e a r  i f  we a t t a c h  some a c t u a l  meanings  t o  t h e  v a r i a b l e s  
i n  t h e  t h e  f i r s t  e q u a t i o n  o f  o u r  e x a mp l e .  I f  Xt r e p r e s e n t s  a 
s t u d e n t ' s  c o l l e g e  c a l c u l u s  g r a d e ,  w h i l e  X2 r e p r e s e n t s  h i g h  s choo l  
m a t h e ma t i c s  g r a d e  a v e r a g e  and X3 r e p r e s e n t s  IQ,  t h e n  i t  would n o t  
make s e n s e  t o  s o l v e  f o r  X2 i n  t e rms  o f  Xi and X3 b e c a u s e  o f  
t empora l  c o n s i d e r a t i o n s .  In o t h e r  wor ds ,  a s t r u c t u r a l  e q u a t i o n  c a r r i e s  
w i t h  i t  n o t  o n l y  a m a t h e m a t i c a l  me an i ng ,  b u t  a l s o  a c a u s a l  
i n t e r p r e t a t i o n  f o r  t h e  v a r i a b l e s  i n v o l v e d .
R e c ove r i ng  C o r r e l a t i o n a l  I n f o r m a t i o n  f rom S t r u c t u r a l  P a r a m e t e r s
H i t h  a s t a n d a r d i z e d  c a u s a l  mode l ,  i . e . ,  one t h a t  i n v o l v e s  
s t a n d a r d i z e d  v a r i a b l e s  l i k e  t h e  example  d i s c u s s e d  ab o v e ,  i t  i s  n o t  a 
d i f f i c u l t  m a t t e r  t o  d e t e r m i n e  t h e  c o r r e l a t i o n s  be tween t h e  v a r i a b l e s  
f rom t h e  s t r u c t u r a l  e q u a t i o n s .  The main p r o p e r t y  o f  c o v a r i a n c e s  t h a t
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we use  i s  t h a t  o f  b i l i n e a r i t y .  Tha t  i s ,  f o r  any  t h r e e  random v a r i a b l e s
X, Y, and Z, and r e a l  numbers  r  and s ,  we have :
Cov(rX + sY,Z)  = rCov(X,Z)  + sCov(Y,Z)
Cov(X, rY + sZ) = rCov(X.Y)  + sCov(X,Z>
Let  us i l l u s t r a t e  how we use  t h i s  p r o p e r t y  t o  d e t e r m i n e  c o r r e l a t i o n s .  
In t h e  example above we would n o t e  f rom t h e  f i r s t  e q u a t i o n
X, = aX2 + bX3
t h a t
1 = V a r ( X , ) = Cov<X, .X, )  = Co v ( X, , aX 2 + bX3)
= aCov( X i , X2) + bCov( X i , X 3) = ap 12 + bp 1 3
by u s i n g  t h e  b i l i n e a r i t y  o f  c o v a r i a n c e s  and t h e  s t a n d a r d i z a t i o n
a s s u m p t i o n s .  S i m i l a r l y ,  we have f rom t h e  second  e q u a t i o n  t h a t
1 = c p 23 + d p 2 4 .
Al l  o f  t h e  s i x  d i s t i n c t  c o r r e l a t i o n s  can be e x p r e s s e d  i n  t e rms  
o f  t h e  s t r u c t u r a l  p a r a m e t e r s .  He h a v e ,  u s i n g  p 3„ = p ,
p 1 2 = C o v ( X i , X2 ) = C o v ( aX 2 + bX3 , X2 ) = a  + b p 2 3 ,
p 1 3 = C o v ( X j , X3 ) —  C o v ( a X2 + bX3 , X 3 ) = &p 2 3 + b ,
p 14 = Cov ( X 1,  X4) = Cov ( a X2 + bX3 , X4) = a p 2 4 + b p ,
P 2 3  = Cov(X2 ,X3) = Cov(cX3 + dX4 ,X3) = c + dp ,
p 2 4 = Cov(X2 ,X4 > = Cov(cX3 + dX4 ,X4 ) = cp + d ,
p 3 4 = Cov(X3 ,X4) = p.
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We see  t h a t  p 2 3 , P2 4 , and p 3« a r e  g i v e n  e x p l i c i t l y  i n  t e r m s  o f
t h e  s t r u c t u r a l  p a r a m e t e r s .  By s u b s t i t u t i n g  t h e s e  e x p r e s s i o n s  i n t o  
t h o s e  f o r  p , 2 , P 1 3 , and p , 4 , we o b t a i n
p , 2 = a + be + bdp 
P ! 3 = ac + adp + b
p , 4 = acp + ad + bp 
and t h u s  a l l  t h e  c o r r e l a t i o n s  a r e  g i ve n  e x p l i c i t l y  i n  t e r m s  o f  t h e
s t r u c t u r a l  p a r a m e t e r s .
De t e r mi n i ng  Sample E s t i m a t e s  o f  S t r u c t u r a l  P a r a m e t e r s
On t h e  o t h e r  hand ,  i f  we know t h e  v a l u e s  o f  t h e  c o r r e l a t i o n s
between t h e  v a r i a b l e s  i n  a  s t a n d a r d i z e d  model we can use  t h e  s t r u c t u r a l  
e q u a t i o n s  t o  s o l v e  f o r  t h e  s t r u c t u r a l  p a r a m e t e r s .  By s o l v i n g  t h e
e x p r e s s i o n s  f o r  t h e  c o r r e l a t i o n s  above  as  s i m u l t a n e o u s  s y s t e ms  o f  
e q u a t i o n s  in  t h e  unknown p a r a m e t e r s  a ,  b,  c ,  d ,  and p we o b t a i n
a = ( p i z  -  p i 3p 2 3 ) / < 1 -  p i s ) ,
b =  ( p i 3 -  p i 2 p 2 3 ) / ( l  -  P 2 3 ) ,
C  =  ( p 2 3  -  P 2 4 P 3 < l ) / ( l  ~  P  3 4  )  ,
d  =  ( p 2 4  -  P 2 4 P 2 3 ) / ( 1  — P 3 4 ) ,
P  =  P 3 4 .
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In  t h i s  way we can  d e t e r m i n e  sample  e s t i m a t e s  o f  t h e  s t r u c t u r a l  
p a r a m e t e r s  by u s i n g  t h e s e  e q u a t i o n s  and sample  e s t i m a t e s  o f  t h e  
c o r r e l a t i o n s .  F u r t h e r m o r e ,  by s u b s t i t u t i n g  t h e s e  e x p r e s s i o n s  i n t o  t h e  
f i r s t  two e q u a t i o n s  d e r i v e d  a bo v e ,  namely
1 = a p , 2 + b p , 3 >
and
1 = c p 2 3 + d p 2 4 , 
we o b t a i n  t h e  f o l l o w i n g  two e q u a t i o n s :
1 =  P ? 2  +  P ? 3 +  P 2 3  -  2 P 1 2 P 1 3 P 2 3 ,
and
1 = P23 + P24 + P34 -  2 p 2 3P 2 4 P 3 4 •
T o g e t h e r  t h e s e  g i v e  us
P 2  3 =  ( P ?  2 + P ?  3 - P 2 4 ~ P 3 4 ) / ( 2 ( p ,  2 P 1 3 _ P 2 4 p 3 4 ) )  •
The r e a d e r  can chec k  t h a t  t h e r e  a r e  a l s o  two o t h e r  s i m i l a r  r e s t r i c t i o n s  
on t h e  c o r r e l a t i o n s  due t o  t h e  s t r u c t u r a l  e q u a t i o n s .
In  o t h e r  w o r ds ,  n o t  any s e t  o f  c o r r e l a t i o n s  w i l l  " f i t "  t h i s  
model .  Th i s  i s  due t o  t h e  f a c t  t h a t  we have s i x  c o r r e l a t i o n s  b u t  o u r  
model o n l y  i n v o l v e s  f i v e  p a r a m e t e r s .  Such r e s t r i c t i o n s  a l l o w  us t o  
t e s t  w h e t h e r  o r  n o t  sample  d a t a  s u p p o r t  t h e  model .  I f  t h e  sample  
c o r r e l a t i o n s  s a t i s f y  t h e  r e s t r i c t i o n s  p l a c e d  on them by t h e  mode l ,  
however ,  t h i s  does  n o t  mean t h a t  o u r  model i s  c o r r e c t .  I t  o n l y
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i n d i c a t e s  t h a t  t h e  d a t a  a r e  c o m p a t i b l e  w i t h  t h e  s t r u c t u r a l  e q u a t i o n s .  
I n d e e d ,  many models  can be s u p p o r t e d  by t h e  same s e t  o f  d a t a .  The 
wor th  o f  a model c a n n o t  be a s c e r t a i n e d  by j u s t  c o r r e l a t i o n a l  
i n f o r m a t i o n .  The r e a s o n a b l e n e s s  o f  t h e  c a u s a l  s t a t e m e n t s  made by t h e  
model mus t  be j u d ge d  in l i g h t  o f  t h e  e x i s t i n g  s u b s t a n t i v e  knowledge  o f  
t h e  v a r i a b l e s  i n v o l v e d .  Thus c a u s a l  model s  a r e  e v a l u a t e d  bo t h  t h r ou gh  
s t a t i s t i c a l  and t h e o r e t i c a l  c o n s i d e r a t i o n s .
D i s t u r b a n c e  Terms
C e r t a i n l y  t h e  model d i s c u s s e d  above  i s  u n r e a l i s t i c  f o r  most  
c a s e s  o f  v a r i a b l e s  i n v o l v e d  in  e d u c a t i o n a l  r e s e a r c h .  The model c l a i m s  
t h a t  t h e  v a r i a b l e  X, i s  c o m p l e t e l y  d e t e r m i n e d  by X2 and X3 . I t
i s  r a r e  t h a t  we f i n d  t h a t  we can a c c o u n t  f o r  100% o f  t h e  v a r i a n c e  in a 
measured  v a r i a b l e  in t e rm s  o f  t h e  v a r i a n c e  o f  o t h e r  measured
v a r i a b l e s .  There  may be v a r i a n c e  s p e c i f i c  t o  t h a t  v a r i a b l e  a l o n e ,
measurement  e r r o r  i n  t h e  i n s t r u m e n t s  u s e d ,  o r  i n f l u e n c e s  o f  o t h e r
v a r i a b l e s  n o t  c o n s i d e r e d  in  t h e  mode l .  I n d e e d ,  Kenny s u g g e s t s  t h a t  
when c a u s a l  model s  i n v o l v e  v a r i a b l e s  o f  human b e h a v i o r  "a  good r u l e  o f
thumb i s  t h a t  one i s  f o o l i n g  o n e s e l f  i f  more t h a n  50% o f  t h e  v a r i a n c e
i s  p r e d i c t e d "  ( p .  9,  Kenny,  1979) .
Th i s  l e a d s  t o  t h e  i n c l u s i o n  o f  a d d i t i o n a l  unmeasured  v a r i a b l e s  
in  c a u s a l  mode l s .  These  v a r i a b l e s  a r e  r e f e r r e d  t o  a s  d i s t u r b a n c e
t e r m s . D i s t u r b a n c e  t e rms  r e p r e s e n t  t h e  s o u r c e s  o f  a l l  u n e x p l a i n e d
v a r i a n c e  in  t h e  endogenous  v a r i a b l e s .
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As an example  we w i l l  c o n s i d e r  t h e  f o l l o w i n g  model which  i s  a 
s l i g h t  m o d i f i c a t i o n  o f  o u r  p r e v i o u s  example :
Xi = aX2 + bX3 + 6 iUi 
X2 = cX3 + dX4 + e 2U2
wi t h  p 34 = p as  b e f o r e ;  U, i s  u n c o r r e l a t e d  w i t h  U2 , X2 , X3 ,
and X4 ; U2 i s  u n c o r r e l . a t e d  wi t h  X3 and X4 , as  wel l  as  w i t h  U, .
Note t h a t  t h e  model now i n c l u d e s  two unmeasured  p u r e l y  exogenous
v a r i a b l e s  Ui and U2 . The a d d i t i o n a l  p a r a m e t e r s  i n  t h e  model can be 
so l v e d  f o r  under  t h e  s t a n d a r d i z a t i o n  a s s u m p t i o n .  For  e x a m p l e ,  f r om t h e  
second s t r u c t u r a l  e q u a t i o n  we have:
1 = Var (X2 ) = Cov(cX3+dX4+ e 2U2 , cX3+dX4+ e 2U2 )
= c 2 + d 2 + 2 cdp + e l
h ence ,  e l  = 1 -  ( c 2 + d 2 + 2cdp)  and i f  we assume t h a t  U2
i s  p o s i t i v e l y  c o r r e l a t e d  wi t h  X2 t h e n  we may t a k e  e 2 t o  be t h e  
p o s i t i v e  s q ua r e  r o o t  o f  t h i s  q u a n t i t y .  S i m i l a r l y  we may s o l v e  f o r
e i . By s u b s t i t u t i n g  sample  e s t i m a t e s  o f  t h e  c o r r e l a t i o n s  i n t o  t h e s e  
e x p r e s s i o n s  we may o b t a i n  nume r i ca l  e s t i m a t e s  o f  a l l  o f  t h e  s t r u c t u r a l  
p a r a m e t e r s .  D i s t u r b a n c e  t e rms  may be u n c o r r e l a t e d  a s  t h e y  a r e  i n  t h i s  
example .  I t  i s  common t o  t h i n k  o f  t h e  d i s t u r b a n c e  t e r m s  as
r e p r e s e n t i n g  pure  e r r o r  t e r ms  and e r r o r  t e rms  a r e  o f t e n  assumed t o  be
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u n c o r r e l a t e d .  But  d i s t u r b a n c e  t e r m s  may we l l  be c o r r e l a t e d .  I n d e e d ,  
t h i s  c o u l d  be t h e  s o u r c e  b e h i n d  an i l l  " f i t "  o f  a model t o  d a t a  i f  t h e  
model m i s t a k e n l y  h y p o t h e s i z e s  t h a t  d i s t u r b a n c e  t e rm s  a r e  u n c o r r e l a t e d  
when t h e y  a r e  n o t .
Pa t h  A n a l y s i s
I n t e r p r e t a t i o n  o f  c a u s a l  mode l s  can be a i d e d  t h r o u g h  t h e  use  o f  
a p a t h  d i a g r a m . A p a t h  d i a g r a m  c o n s i s t s  o f  a symbol f o r  each  v a r i a b l e  
i n v o l v e d  i n  t h e  mode l .  For  a s t r u c t u r a l  e q u a t i o n ,  an a r ro w i s  drawn 
f rom each  e xogenous  v a r i a b l e  p o i n t i n g  t o  t h e  e ndogenous  v a r i a b l e .  
These a r r o ws  a r e  l a b e l l e d  w i t h  t h e  p a t h  c o e f f i c i e n t s .  For  any s t a t e d  
c o r r e l a t i o n  be t wee n  two p u r e l y  exogenous  v a r i a b l e s ,  a d o u b l e - h e a d e d  
a r r ow i s  drawn be t wee n  t h o s e  v a r i a b l e s  l a b e l l e d  w i t h  t h e  s t a t e d  
c o r r e l a t i o n .  I f  t h a t  c o r r e l a t i o n  ha ppens  t o  be z e r o ,  t h e n  t h a t  a r r o w  
may be d e l e t e d  f r om t h e  d i a g r a m .
For  e x a m p l e ,  a p a t h  d i a g r a m  r e p r e s e n t i n g  o u r  f i r s t  example  would 




From t h i s  d i a g r a m we can r e c o v e r  b o t h  o f  t h e  s t r u c t u r a l  e q u a t i o n s ,
X, = aX2 + bX3 ,
X2 = cX3 + dX„ , 
and t h e  c o r r e l a t i o n  be t ween t h e  p u r e l y  exogenous  v a r i a b l e s ,
P 3 4  =  p .
Through t h e  use  o f  p a t h  a n a l y s i s  one can more e a s i l y  r e c o v e r  t h e  
c o r r e l a t i o n s  between t h e  v a r i a b l e s .  The main t o o l s  o f  p a t h  a n a l y s i s
a r e  c a l l e d :
1 ) t h e  f i r s t  law o f  p a t h  a n a l y s i s ,
and
2 ) t h e  t r a c i n g  r u l e .
Here we a r e  f o l l o w i n g  t h e  t e r m i n o l o g y  used by Kenny ( 1 9 7 9 ) ,  and 
we n o t e  t h a t  t h e s e  two t o o l s  a r e  e q u i v a l e n t  f o r  mode l s  which do n o t
i n c l u d e  r e c i p r o c a l  c a us e  and e f f e c t  r e l a t i o n s h i p s  ( i . e . ,  o f  t h e  s o r t :  X 
c a u s e s  Y and Y d i r e c t l y  o r  i n d i r e c t l y  c a u s e s  X).  These  r u l e s  a r e
s i mpl y  r e s t a t e m e n t s  o f  c o v a r i a n c e  a l g e b r a  i n  t e rms  o f  t h e  p a t h
d i a g ra m.  In o r d e r  t o  d e s c r i b e  t h e s e  t o o l s  we w i l l  need t o  i n t r o d u c e
some more n o t a t i o n .
Denote  by s f j t h e  p a t h  c o e f f i c i e n t  on an a r r o w  f rom Xj t o
X, and by p , j  t h e  c o r r e l a t i o n  be t ween Xf and Xj .  Then t h e
f i r s t  law s t a t e s  t h a t
Pt 1 = ^  Sik P k J
k
where k r un s  o v e r  t h e  i n d e x e s  o f  a l l  v a r i a b l e s  Xk which a r e  c a u s e s  o f
X,.
Thus ,  f rom o u r  p a t h  d i a g r a m  above  and t h e  f i r s t  l aw,  we would  c o n c l u d e
t h a t  p i 2 = a p 22 + b p 32 = a + bp2 3 , j u s t  a s  we o b t a i n e d  b e f o r e .
For  t h e  t r a c i n g  r u l e  we need t o  d e f i n e  f i r s t  a t r a c i n g  f ro m  Xi
t o  Xj as  any r o u t e  f o l l o w e d  i n  t h e  p a t h  d i a g r a m f r o m  X, t o  Xj
which does  n o t  e n t e r  any v a r i a b l e  more t h a n  once  and does  n o t  b o t h  
e n t e r  and l e a v e  t h e  same v a r i a b l e  t h r o u g h  an a r r o w h e a d .
For  ex a mp l e ,  in  t h e  p a t h  d i a g r a m  above t h e r e  a r e  t h r e e  t r a c i n g s  
f rom X4 t o  X , :
\ \
However ,  t h e  f o l l o w i n g  r o u t e  would n o t  be a t r a c i n g  f r o m  X« t o  X i , 
s i n c e  X2 i s  b o t h  e n t e r e d  and l e f t  t h r o u g h  an a r r o w h e a d :
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C O R R E L A T I O N  MATRI X FOR F E MAL E S
rARIATE HPT2 VSAT NS 1 NS2 DR 1 DR 2 LC I F LCIN
HSPC - 0 . 0 9 1 0.  0 7 7 - 0 . 0 3 1 0 . 0 2 6 - 0 .  0 3 9 0 .  1 77 - 0 . 2 6 6 - 0 . 1 6 8
HSCA - 0 , 1 0 8 - 0 . 0  17 0 .  141 - C . 0 1 5 - 0 . 1 0 1 - 0 . 0 7 C 0 . 0 2 0 - 0 . 0 6 6
H3PS 0 . 1 2 5 0.  0 5 0 0 .  118 0 . 3 2 0 0 . 2 2 7 0 . 3 2 7 0 .  0 6 8 - 0 . 1 6 3
QSAT 0 . 0 7 9 0 . 3 8 7 0 . 2 2 2 0 . 2  C4 0 . 2 9 5 0 . 2 4 9 0 .  0 2 9 - 0 . 0 6 9
ALG 0 .  163 0 . 0 9 3 0 .  1 3 7 0 . 0 2 2 0 .  04 6 - 0 . 0 1 3 0 .  0 1 3 - 0 . 2 8 9
TRIG 0 . 0 2 3 - 0 .  1 12 0 .  1 2 7 0 . 0 6 0 - 0 .  197 - 0 . 2 5 0 0 .  1 1 3 0 .  1 33
SUDP 0 .  146 0.  1 86 0 .  04 0 C . 0 1 9 0 .  0 1 9 0 . 2 0 4 0 .  0 8 2 - 0 . 0 4 1
SMDN 0 . C 9 1 0.  1 67 - 0 . 1C9 0 . 0 6 6 0 . 0 6 1 0 . 0 1  9 0 . 1 7 3 0 .  102
PUMP 0 .  0 5 5 0.  0 4 9 0 .  0 4 9 C. 177 - 0 . 0 8 1 0 . 0 3 9 0 .  142 0 . 0 3 1
PUMN 0 . 2 5 4 0.  1 17 - 0 . 0 5 3 - 0 . 0 7 1 - 0 . 1 1 1 - 0 . 0 0 7 0 .  142 - 0 . 0 0 4
ROMA 0 .  C75 - 0 . 0 8 5 - 0 .  0 4 6 0 .  152 0 .  001 - 0 . 0 0 3 - 0 . 1 9 0 - 0 . 0 3 2
BQPS 0 .  0 4 2 0.  0 0 5 - 0 . 0 3 9 0 . 1 2 3 - 0 . 0 0 5 - 0 . 0 6 3 0 .  133 0 . 0 3 8
AIK P 0 . C 9 9 - 0 . 1 7 7 - 0 . 0 7 9 - 0 . 1 0 5 0 . 0 3 6 0 .  134 0 .  149 - 0 . 2 2 2
AIKN 0 .  184 - 0 . 1 4 1 - 0 .  0 8 7 - 0 . 0 9 4 0 .  0 6 5 0 .  1 03 0 ,  171 - 0 . 1 2 9
CLMP 0 .  274 - 0 . 0 0 3 — 0 . C1 8 0 . 1  07 - 0 . 0 5 4 0 . 0 9 0 0 . 2 1 8 - 0 . 0 3 5
CLAN 0 .  188 - 0 . 0 5 3 - 0 . 0 7 9 - 0 . 0 2 7 0 . 0 2 6 0 . 0 4 0 0 .  2 6 4 - 0 . 0 4 6
EFM P 0 . 0 5 2 0.  1 10 0 .  121 -  0 . 0 7 8 0 .  182 0 . 1 8 1 0 . 4 2 8 - 0 . 1 5 2
EFMN 0 .  135 0 .  1 99 - 0 . 1 1 5 - 0 . 1 0 5 0 .  135 0 . 1 6 5 0 . 2 9 6 - 0 . 0 8 8
CR1 0 . 4 2 2 - 0 . 1 5 2 - 0 . 0 5 6 0 .  088 0 .  157 0 . 2 1 1 0 .  161 0 .  153
CR2 0 .  3 16 C. 0 0 9 0 . 0 1 5 0 . 0 8 0 0 .  200 0 .  3 0 2 0 .  1 3 8 - 0 . 0 4 1
PS VR 0 .  16 S 0 .  0 5 4 0 .  1 4 8 C. 0 0 1 0 .  27 4 0 . 2 6 4 - 0 . 0 9 6 - 0 . 2 3 1
GEFT2 0 .  1 56 0 . 0 7 6 0 .  129 0 .  104 0 .  196 0 . 2 3 4 - 0 . 1 3 8 - 0 . 2 3 9
GEFT3 0 . 0 7 8 0 . 0 9 7 0 . 0 8 1 0 .  1 03 - 0 . 0 5 3 0 . 0 3 7 - 0 . 2 2 8 - 0 . 4  03
HPT 1 0 .  6 9 3 0 .  0 3 8 - 0 . 0 6 1 0 . 1 1 2 0 . 0 0 3 0 . 1 9 5 0 .  0 8 6 - 0 . 0 4 3
H PT 2 1 . CCC 0 . 0 3  8 - 0 . 1 0 5 - 0 . 0 7 0 - 0 . 0 0 7 0 . 2 3 0 0 . 2 2 4 0 .  2 4 6
VS AT 0 . 0 3 8 1.  0 0 0 0 . 2 4  8 0 . 3 4 9 0 .  311 0 . 2 6 6 - 0 . 0 0 1 0 . 1 1 8
MS 1 -  0 . 1 C 5 0 .  2 4 8 1.  0 0 0 0 . 3 1 2 0 .  1 07 0 . 0 6 4 0 .  2 8 4 - 0 . 0 1 8
NS2 - 0 . C7C C . 3 4 9 0 . 3 1 2 1 . 0 0 0 0 . 1 1 5 0 . 0 3 7 0 . 2 0 4 0 . 2 7 8
DR 1 - 0 . 0 0 7 0 . 3  11 0.  1 07 0 . 1 1 5 1.  0 0 0 0 .  6 4 2 0.  1 2 5 0 . 0 3 7
DR 2 0 . 2 3 0 0.  2 6 6 0 .  06 4 0 . 0 3 7 0 . 6 4 2 1 . OOC 0 . 0 1 7 - 0 . 1 8 8
LCIP 0 . 2 2 4 - 0 . 0 0 1 0 . 2 8 4 0 . 2 C 4 0 . 1 2 5 0 . 0 1 7 1 . 0  00 0 . 2 8 2
LCIM 0.  2 4 6 0.  1 18 - 0 .  01 8 0 . 2 7 8 0 .  0 3 7 - 0 . 1 8 8 0 .  2 8 2 1 . 0 0 0
UNIT1 0 . 1 6 8 - 0 . 0 1 0 0 .  0 0 6 - 0 . C 0 9 - 0 . 1 6 4 - 0  . 0 8 1 0 .  166 0 . 3 7 3
UMIT2 0 .  C78 0 . 0 1  1 0 .  1 6 7 0 . 2 0 3 - 0 . 0 1 0 0 . 0 9 2 0 .  193 0 .  1 5 8
UNIT3 - 0 . 0 9 5 - 0 . 0 0 8 0 .  1 3 8 0 . 1 3 8 - 0 . 1 5 1 - 0 . 1 6 7 0 . 1 2 9 0 . 1 5 8
IJNIT4 - 0 . 0 0 3 - 0 .  0 0 2 0 .  1 6 2 0 . 2  39 - 0 . 1 7 3 0 .  0 4 8 0.  21 1 0 . 0 0 5
FINAL - 0 . 0 1 4 C. 1 4 0 0 . 2 0 5 0 . 2 2 7 - 0 . 0 5 8 0 .  0 3 5 0 .  1 4 9 - 0 . 0 6 3
CODE ELATI ON MATRIX FOR F E MAL E S
VARIATE IJNIT1 0 NI T2  0NTT3 UNIT4 FINAL
HSPC - 0 . 0 4 6  0 . 1 8 1  0 . 2 2 3  0 . 2 4 4  0 . 2 6 9
H SC A 0 . 2 0 5  0 . 2 3 0  0 .  173  0 . 2 5 3  0 .  4 3 4
HSPS - 0 . 0 4 6  0 . 2 9 5  0 . C55 0 . 3 4 7  0 . 3 6 3
OSAT 0 . C 8 5  0 . 2 1 8  0 . 0 9 5  0 . 2 2 6  0 . 3 5 1
AIG 0 . 2 4 2  C . 3 4 7  0 . 3 5 5  0 . 4 0 4  0 . 4 4 0
TRIG 0 . 2 0 2  0 . 3 6 8  0 . 3 2 1  0 . 3 8 1  0 . 2 8 0
SMDP - 0 . 1 2 2  0 . 1 3 4  - 0 . 0 7 4  - 0 . 0 6 1  0 . 0 3 1
SMDN 0 . 1 5 1  0 . 1 7 6  0 . 0 3 3  - 0 . 0 3 5  0 . 0 7 5
POMP 0 . 3 3 2  0 . 3 9 7  0 . 3 3 5  0 . 3 4 2  0 . 4 7 8
POMN 0 . 2 8 1  C . 3 3 1  0 . 0 7 5  0 . 1 3 1  0 . 2 8 2
ROMA 0 . 2 0 0  0 . 2 9 2  0 . 1 8 7  0 . 1 7 9  0 . 2 8 7
EQPS 0 . 1 3 5  0 . 3 3 1  0 . 2 3  6 0 . 3 0 8  0 . 3 4 0
AIKP 0 . 0 8 3  0 . 2 1 4  0 . 0 3 2  0 . 2 3 8  0 . 2 1 2
AIK N 0 . C 8 5  0 . 2 5 6  0 .  0 2 4  0 . 2 2 8  0 . 2 4 6
CLMP 0 . 2 6 5  C . 2 4 9  C . 1 8 0  0 . 3 2 0  0 . 4 1 8
CLMN 0 . 1 8 9  0 . 2 7 0  0 . 0 7 6  0 . 2 7 8  0 . 3 5 6
EFMP 0 . 1 1 0  0 . 2 5 9  0 . 1 9 2  0 . 2 4 8  0 . 3 1 9
EFMN 0 . 1 2 7  0 . 1 7 4  - 0 . C C 5  0 . 0 9 6  0 . 2 1 6
CR1 0 .  1 03  0 . 0 5 3  0 .  0 9 9  0 .  155 0 . 0 1 0
CR2 - 0 . 0 3 1  0 . 1 2 0  0 . 1 3 0  0 . 1 9 7  0 . 0 5 3
PSVR 0 . 1 2 9 - 0 . 0 2 2  0 . 0 4 3  0 . 0 4 8  0 . 0 7 7
GEFT2 - 0 . 1 2 3  -<0. 0 4 2  - 0 .  091  0 .  081 - 0 . 0 5 0
GEFT3 - 0 . 1 3 8  - 0 . 0 0 9  - 0 . 0 2 2  0 . 1 4 6  - 0 . 0 1 1
HPT 1 - 0 .  0 2 3  0 .  0 4 2  - 0 . C 4 7  C . 0 4 7  0 . 0 0 5
HPT2 0 . 1 6 8  0 . 0 7 8  - 0 . 0 9 5  - 0 . 0 0 3  - 0 . 0 1 4
VSAT - 0 . C 1 C  0 . 0 1 1  - 0 . 0 0 8  - 0 . 0 0 2  0 . 1 4 0
NS1 0 . 0 0 6  0 . 1 6 7  0 . 1 3 8  0 . 1 6 2  0 . 2 0 5
NS2 - 0 . CO 9 0 .  2 0 3  0.  1 3 8  0 . 2 3 9  0 . 2 2 7
DP1 - 0 . 1 6 4  - 0 . 0 1 0  - 0 . 1 5 1  - 0 . 1 7 3  - 0 . 0 5 8
DR2 - 0 . 0 8 1  0 . 0 9 2  - 0 . 1 6 7  0 . 0 4 8  0 . 0 3 8
LCIP 0 . 1 6 6  0 . 1 9 3  0 . 1 2 9  0 . 2 1 1  0 . 1 4 9
LCIN 0 . 3 7 3  0 . 1 5 8  0 . 1 5 3  0 . 0 0 5  - 0 . 0 6 3
UNIT1 1 . 0 0 0  0 . 4 9 6  0 . 5 6 3  0 . 4 7 0  0 . 5 2 5
UNTT2 0 . 4 9 6  1 . 0 0 0  0 . 6 9 9  0 . 7 2 2  0 . 7 1 9
UNIT3 0 . 5 6 3  C . 6 5 9  1 . 0 0 0  0 . 8 1 1  0 . 7 5 3
UNI T4 0 . 4 7 C  0 . 7 2 2  0 . 8 1 1  1 . 0 0 0  0 . 7 7 3
FINAL 0 . 5 2 5  0 . 7 1 9  0 . 7 5 3  C . 7 7 3  1 . 0 0 0
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C CE F E L A T I O N  MATRI X FOR MALES
rART ATE PUKE PUMN ROMA EG PS AIKP AIKN CLMP CLMN
HSPC 0 .  2 9 4 0.  167 0 . 2 4  9 C . 1 3 2 0 .  3 0 6 0 .  2 5 8 0 . 3 5 4 0 . 2 3 4
HSCA 0 . 2 8 2 0.  3 4 0 0 .  2 9 6 0 . 2 7 3 0 . 2 C 8 0 . 1 8 4 0 . 2 2 4 0 . 2 6 4
HSPS 0 » 2 ! C C- 1 3 8 0 . 0 6 1 0 . 2 8 4 0 .  2 8 0 0 . 2 6 0 0 . 1 1  8 0 . 1 4 8
QS AT 0 . 3 1 2 C. 4 05 0 .  2 2 2 0 . 3  94 0 . 3  09 0 . 3 1 7 0 . 2 6 4 0 . 3 8 5
AI.G 0 . 3 6 3 0 .  286 0 .  321 0 . 3 6 C 0 . 3 5 8 0 . 3 5 2 0 . 2 8 0 0 . 4 0 1
TRIG o .  2 4 4 0.  2 6 0 0 . 3 7 1 0 . 2 3 6 0 .  4 2 9 0 . 4 6 3 0 . 4  00 0 . 4 5 1
SMDP 0 . 0 3 6 - 0 . 0 5 9 - C .  C75 0 . 0 0 4 - 0 . 1 3 2 - 0 . 1 4 9 - 0 . 1 6 7 - 0 . 1 0 5
SMDN 0 .  2 2 4 0 . 3  C5 C. 187 - 0 . 0 1 2 0 .  06  6 0 . 0 6 3 0 .  1 05 0 . 0 9 3
PHMP 1.  OCO 0.  3 0 4 0 . 3 9 0 0 . 4 8 1 0 .  6 0 3 0 . 6 4 4 C . 6 4 1 0 . 6 1 9
PUMN 0 .  8 0 4 1 . 0 0 0 0 .  3 9 5 0 . 4 5 0 0 .  5 0 2 0 . 5 8 1 0 . 5 4 5 0 . 5 6 6
RQMA 0 . 3 9 C 0 . 3 9 5 1.  0 0 0 0 . 3 7 1 0 . 3 8 6 0 . 3 7 7 0 . 4 4 0 0 . 4 4 1
HOPS 0 .  481 0.  4 5 0 0.  37 1 1 . 0 0 0 0 .  1 6 8 0 . 2 2 6 0 .  1 8 6 0 . 2 5 6
ATKP 0 . 6  03 0 .  5 0 2 0 .  3 86 0 .  168 1 . 0 0 0 0 .  8 6 3 0 .  7 9 4 0 .  7 9 5
AIKN 0 . 6 4 4 C . 5 8 1 0 . 3 7 7 0 . 2 2 6 0 .  8 6 3 1 .OOC 0 . 7 9 2 0 . 8  92
CLMP 0 . 6 4 1 0.  5 4 5 C. 4 4 0 C . 1 8 6 0 . 7  94 0 . 7 9  2 1.  0 00 0 . 8 0 5
CLMN 0 . 6 1 ? 0 .  5 66 0 . 4 4 1 0 . 2 5 6 0 . 7 9 5 0 . 8 9 2 0 .  8 0 5 1 .  0 0 0
EFMP 0 . 6 3 8 0 .  5 9 5 0 .  241 C. 164 0 . 7 1 0 0 .  6 4 4 C. 651 0 . 5 7 0
FFMN 0 . 8  18 0 .  6 1 4 0 .  1 7 8 C . 1 5 4 0 . 6 6 9 0 . 6 4 5 0.  5 5 1 0 . 5 9 3
CI?1 0 .  08 1 0 .  2 0 0 - 0 .  0 7 4 0 .  158 0 .  0 2 9 0 .  04C C. 0 3 3 0 . 0 9 8
CR2 0 . 2 1 2 0 .  2 4 5 0.  0C1 0 . 2 2 9 0 .  148 0 .  135 0 .  1 85 0 . 1 6 7
PS VP 0 . 0 2 3 0 .  1 42 C. C9 7 0 . 0 7 6 0 .  0 8 2 0 .  13? 0 .  146 0 .  1 81
GEFT2 0 .  C95 0 .  123 C. 140 0 . 1 1 9 - 0 .  140 - 0 . 0 2 5 0 .  133 0 . 0 2 1
GEFT3 0 . 0 5 8 0 .  1 00 0 .  1 9 7 0 . 2 4 0 0 .  0 4 8 0 . 1 0 2 0 . 1 6 1 0 . 1 5 3
HPT 1 0 .  130 0 .  1 3 5 - 0 . C S 3 0 . 0 2 2 0 . 0 2 2 - 0 . 0 2 C 0 . 1 2 5 - 0 . 0 7 2
HPT 2 0 .  007 - 0 . 0 4 2 - 0 .  110 - 0 . 0 3 5 - 0 . 0 3 7 - 0  . 0 3 3 0 .  04  0 - 0 . 0 8 1
VSAT - 0 . 0 3 6 - 0 . 0 8 7 - 0 . 0 7 0 0 . 0 2 3 - 0 . 0 8 6 - 0 . 0 7 1 - 0 . 1 5 7 - 0 . 2 0 9
MS1 0 . 1 1 9 0 .  2 8 0 0 .  0 2 0 - 0 . 0 3 4 0 . 0 8 6 0 .  122 0 .  0 7 7 0 . 0 9 7
NS2 - 0 . 1C9 0 . 0 2 2 - 0 .  0 4 9 - C . 1 4 1 - 0 .  0 7 0 - 0 . 1 1 8 0 .  0 5 9 - 0 . 0 7 1
D? 1 0 .  18? 0 . 2  43 0.  142 0 . 0 2 8 0 .  103 0 . 1 1 6 0 .  0 86 0 . 0 5 1
DR 2 0 . 2 8 2 0 . 3 4 8 0 .  148 0.  1 67 0 .  194 0 . 1 8 ? 0 . 2 3 0 0 . 1  52
LCIP 0 . 2 2 7 0 . 2  94 0 .  0 63 0 . 0 1 5 0 .  3 6 0 0 . 3 3 C 0 . 3  91 0 . 3  16
LCIN - 0 . 1 3 4 0.  0 4 8 0.  104 0 . 0 1 3 - 0 . 0 7 5 - 0 . 1 0 5 0 .  0 5 6 0 . 0 3 1
UNITl 0 . 2 9 6 0 .  2 3 3 0 .  2 5 4 0 . 3 4 8 0 . 1 2 1 0 . 1 6 1 0 .  1 9 7 0 . 2 1 9
UNIT2 0 . 3 8 9 0 . 3  14 0 .  2 52 0 . 4 9 6 0 .  187 0 . 2 1 1 0 . 1 5 0 0 . 2 3 7
UNTT3 0 .  277 0.  1 77 0 .  0 53 0 . 3 3 4 0 . 2 5  9 0 . 3 3 1 0 .  2 1 0 0 . 2 9 8
UNIT4 0 . 3 8 2 0.  2 8 0 0 .  0 4 8 0 . 4 5 9 0 .  2 0 6 0 .  2 9 7 0 .  1 5 8 0 . 2 9 9
FINAL 0 .  4 8 0 0 . 4 3 3 0 .  2 0 3 0 . 4 6 6 0 .  370 0 . 4 1 3 0 . 2 2 0 0 . 4 2 3
164
CCE F E L AT I ON  MATH IX F OR  MALES
rARI ATE EFMP EFMN CR 1 CR2 PSVR GEFT2 GEFT3 HPT1
HSPC 0 .  4 0 4 0 .  192 - 0 . 0 0 5 0 .  195 - 0 . 0 4 3 0 . 0 7 1 0 . 0 0 7 - 0 . 0  16
HSCA 0 .  185 0.  0 85 0 . 2 0 2 0 . 2 1 2 - 0 . 0 2 5 0 . 1 1 G 0 . 1  09 0 . 1 6 7
HSPS 0 .  231 0 .  169 0 . 1 4 1 C.1 83 0 . 0 9 5 0 . 0 2 3 0 .  0 8 8 0 . 1 5 9
QSAT 0 .  101 0 . 0 4 7 C. 190 0 . 2 3 3 0 .  2 5 7 0 . 2 2 9 0 . 3 4 2 - 0 . 0 3 5
ALG 0 .  2 5 2 0.  05  9 0 . 0 9 1 0 .  135 0 .  0 6 6 0 .  104 0 .  1 53 - 0 . 0 7 3
TRIG 0 . 3 8 2 C. 2 0 9 0 . 0 1 4 0 .  161 0 .  142 0 .  1 23 0 . 0 9 3 0 . 1 2 8
SMDP 0 . C 7 3 C. 0 3 4 - 0 . 0 5 0 - 0 . 0 5 8 - 0 . 2 5 4 - 0 . 1 8 3 - 0 . 1 2 4 - 0 .  063
SMDN 0 .  37  4 0.  3 7 7 0 .  05 4 0 . 0 8 6 - 0 . 0 3 3 - 0 . 0 0  1 0 .  0 0 8 0 .  085
POMP 0 . 6 3 8 0 . 5  18 0 . 0 8 1 0 . 2 1 2 0 .  0 2 3 0 . 0 9 5 0 .  0 5 8 0 .  130
PUMN 0 .  5 9 5 0.  6 1 4 0 . 2 0 0 0 . 2 4 5 0 .  142 0 .  123 0 . 1  00 0 . 1 3 5
RQM A 0 .  241 0 .  1 78 - 0 .  074 C. 0 0 1 0 .  0 9 7 0 .  140 0 .  1 97 - 0 . 0  93
HOPS 0 .  164 0 .  154 0 .  150 0 , 2 2 9 0 .  076 0 . 1 1 9 0 . 2 4 0 0 . 0 2 2
AIKP 0 . 7 1 C 0.  6 69 0 .  02 9 0 .  148 0 . 0 8 2 - 0 . 14C 0 .  048 0 . 0 2 2
AIKN 0 . 6 4 4 0.  6 4 5 C. 0 4 0 0 . 1 3 5 0 .  1 39 - 0 . 0 2 5 0 .  1 0 2 - 0 . 0 2 0
CLMP 0 . 6 5 1 0 . 5 5 1 C.  0 83 0 .  185 0 .  146 0 .  1 33 0 .  16 1 0 .  125
CLMN 0.  5 7 C 0.  5 9 3 0 .  0 9 8 0 .  167 0 . 1 8 1 0 .  021 0 .  153 - 0 . 0 7 2
EFMP 1 . C 0 0 0.  81 1 0 .  C85 C . 2 3 0 - 0 . 0 7 7 0 . 0  19 - 0 . 0 0 4 0 .  145
EFMN 0 . 8 1 1 1 . 0 0 0 0 .  122 0 . 0 9 3 - 0 . 0 8 2 - 0 . 1 1 3 - 0 . 0 5  8 0 .  128
CR1 0 . 0 8 5 0.  122 1.  0 0 0 0 . 7 6 7 0 .  186 0 . 4 0 3 0 . 2 9 3 0 . 3 3 4
CR2 . 0 . 2 3  0 0 . 0 9 3 0 .  7 6 7 1 . 0 0 0 0 .  153 0 . 4 6 5 0 . 3 9 6 0 . 4  02
PSVR - 0 . C 7 7 - C . 0 8 2 0 .  186 0 .  153 1 . 0 0 0 0 . 3 9 5 0 . 3 4 6 0 .  113
GEFT2 0 . 0 1 9 - 0 .  11 3 0 . 4  03 0 . 4 6 9 0 .  3 9 9 1 .OOC 0 . 5 9 5 0 . 3 3 6
G E F ^ - 0 . 0C4 - 0 . 0 5 8 0.  2 9 3 0 . 3 9 6 0 . 3 4 6 0 .  5 9 5 1 . 0 0 0 0 . 2 6 6
HPT 1 0 .  145 0 .  1 2 8 0 . 3 3 4 0 . 4 C 2 0 . 1 1 3 0 . 3 3 6 0 . 2 6 6 1 . 0 0 0
HPT2 0 . 0 4 9 - 0 .  0 0 7 0 . 2  04 0 . 2 8 7 0 . 0 2 8 0 .  3 3 2 0 .  28 2 0 .  714
VS AT - 0 .  1C1 - 0 . 2 5 2 - 0 . 0 3 4 0 . 0 2 9 0 . 0 1 0 0 . 0 7 5 0 .  1 31 - 0 . 0 2 6
NSl 0 .  0 7 0 0.  1 30 - 0 .  03 9 - 0 . 0 7 5 0 .  0 9 0 - 0 . 1 0 6 0 .  052 - 0 . 0 9 0
NS2 0 . 0 1 9 - C .  1 01 0 .  2 CO 0 . 1 5 5 0 . 0 1 9 0 .  194 0 .  231 0 . 0 8 9
DR1 0 . 0 8 4 - 0 .  0 9 6 0 .  195 0 .  1 2 4 0 . 2 5 0 0 . 2 4 3 C. 2 2 3 0 . 0 0 1
DR2 0 .  176 0.  1 14 0 .  2 2 3 0 . 1 2 5 0 .  197 0 . 2 3 1 0 .  1 5 7 0 . 1 7 1
LCIP 0 . 3 7 9 C. 2 7 2 0 . 2 6 7 0 . 3 4 0 0 . 2 1 3 0 . 0 7 7 - 0 . 1 6 5 0 . 0 6 0
LCIN - 0 .  126 - 0 . 0 0 3 0 .  3 3 2 0 .  193 0 . 2 1 7 0 . 2 5 3 0 .  141 0 .  172
UNIT1 0 .  22 8 C . 2 3 0 0 .  1 05 0 . 0 7 4 - 0 . 1 6 3 0 . 0 1 5 0 . G 9 9 0 . 0 2 8
UNIT2 0 .  17 3 C. 1 89 0 . 0 9 4 0 . 1 7 0 - 0 . 0 7 3 0 .  1 10 0 .  1 32 0 . 0 2 3
UNIT3 0 . 1 8 5 C. 2 8 6 0 .  163 0 . 1  84 - 0 .  0 4 0 0 . 0 2 C 0 .  127 0 . 0 9 4
ON ITU 0 . 2 4 1 0.  2 6 7 0 .  0 82 0 .  149 - 0 . 0 9 8 - 0 . 0 1 7 0 . 1 1 8 0 . 0 9 8
FINAL 0 .  351 C. 3  07 0 . C 9 9 0 . 2 0 1 - 0 . 0 6 1 0 . 0 0 8 0 .  0 9 8 - 0 . 0 4 0
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Here X i , X2 , X3 , V , ,  Y2 , Y3 , C a r e  me a s u r ed  v a r i a b l e s .  The
X, a r e  i n d i c a t o r s  o f  a l a t e n t  v a r i a b l e  o r  f a c t o r  F i ;  t h e  Y, a r e  
i n d i c a t o r s  o f  a f a c t o r  F2 . The Ut and V, a r e  d i s t u r b a n c e s  t e r m s  
f o r  t h e  X( and Y, r e s p e c t i v e l y ,  and W i s  t h e  d i s t u r b a n c e  t e r m  o f  
t he  measured  v a r i a b l e  C. We can d i v i d e  t h i s  model i n t o  a me a s u r e me n t  
model and s t r u c t u r a l  model a s  f o l l o w s :
me asure men t  model
s t r u c t u r a l  model
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Thi s  i s  an example  o f  an o b i i q u e  f a c t o r  model s i n c e  t h e  f a c t o r s  F, 
and F2 a r e  c o r r e l a t e d .
Or t hogona l  F a c t o r  Models  v s .  Ob l i q u e  F a c t o r  Models
Our p r i m a r y  c o n ce r n  w i l l  be w i t h  s t a n d a r d i z e d  o r t h o g o n a l  f a c t o r  
m o d e l s , t h a t  i s ,  l a t e n t  v a r i a b l e  model s  f o r  which a l l  t h e  f a c t o r s  a r e  
m u t u a l l y  u n c o r r e l a t e d  w i t h  mean z e r o  and u n i t  v a r i a n c e .  Such a model
a f f o r d s  e s p e c i a l l y  unambiguous  i n t e r p r e t a t i o n s  o f  t h e  s o u r c e s  o f
c o r r e l a t i o n s  among t h e  measured  v a r i a b l e s .  One somet imes  f i n d s  t h e  
s t a t e m e n t  made t h a t  o r t h o g o n a l  f a c t o r  models  a r e  n o t  as  r e a s o n a b l e  as
o b l i q u e  models  ( e . g .  J o r e s k o g  & Sorbom,  p. 12,  1979) .  But  f a c t o r s  a r e  
h y p o t h e s i z e d  unmeasured c a u s e s  o f  t h e  measured  v a r i a b l e s ,  and as  such 
t h e y  r e p r e s e n t  t h e  m o d e l e r ' s  a t t e m p t s  t o  e x p l a i n  t h e  c o r r e l a t i o n s  
between a l a r g e  number o f  measured  v a r i a b l e s  in a s i m p l e r ,  more
p a r s i m o n i o us  manner .  S i n c e  t h e s e  c o n s t r u c t s  a r e  d e v i s e d  as  an a i d  t o  
u n d e r s t a n d i n g  t h e  u n d e r l y i n g  s t r u c t u r e  o f  t h e  c o r r e l a t i o n s  be t ween  t h e  
measured v a r i a b l e s ,  i t  a p p e a r s  t h a t  t h e  m o d e l e r ' s  e f f o r t s  s h o u l d  be 
gu ided  by t h e  d e s i r e  o f  a c c o u n t i n g  f o r  t h e  c o r r e l a t i o n s  i n  t h e  mos t  
unambiguous manner  p o s s i b l e .
An a n a l o g y  mi gh t  be drawn f rom t h e  s i t u a t i o n  e n c o u n t e r e d  when we 
t r y  t o  d e s c r i b e  a f i n i t e - d i m e n s i o n a l  r e a l  v e c t o r  space  endowed w i t h  an 
i n n e r  p r o d u c t .  Given a s e t  o f  v e c t o r s ,  we would l i k e  t o  d e s c r i b e  t h e i r  
l i n e a r  span as  e c o n o m i c a l l y  and as  c l e a r l y  as  p o s s i b l e .  Th i s  l e a d s  t o  
t h e  n o t i o n  o f  a  s e t  o f  b a s i s  v e c t o r s .  Each o f  t h e  o r i g i n a l  v e c t o r s  can
be w r i t t e n  as  a l i n e a r  c o m b i n a t i o n  o f  t h e  b a s i s  v e c t o r s ,  and no s m a l l e r  
s e t  o f  v e c t o r s  w i l l  have t h i s  same p r o p e r t y  as  t h e  b a s i s  v e c t o r s .  S e t s  
o f  b a s i s  v e c t o r s  a r e  n o t  u n i q u e  by any means,  so i t  i s  d e s i r a b l e  t o  
seek  a s e t  o f  b a s i s  v e c t o r s  which has  p a r t i c u l a r l y  n i c e  p r o p e r t i e s  t o  
a i d  in a n a l y s i s .  One n i c e  p r o p e r t y  i s  t h a t  o f  o r t h o g o n a l i t y :  any two
d i f f e r e n t  b a s i s  v e c t o r s  must  have a z e r o  i n n e r  p r o d u c t .  A n o t h e r  n i c e  
p r o p e r t y  i s  t h a t  o f  n o r m a l i t y :  each b a s i s  v e c t o r ' s  i n n e r  p r o d u c t  w i t h
i t s e l f  i s  one .  S t a n d a r d i z e d  o r t h o g o n a l  f a c t o r  models  meet  t h e  same 
g o a l s ,  w i t h  c o v a r i a n c e  p l a y i n g  t h e  r o l e  o f  i n n e r  p r o d u c t ,  and t h e  
f a c t o r s  p r o v i d i n g  an " o r th o n o r ma l  b a s i s "  in t h e  s e n s e  t h a t  t h e y  a r e  
o r t h o g o n a l  ( m u t u a l l y  u n c o r r e l a t e d )  and normal  ( w i t h  u n i t  v a r i a n c e ) .
Let  us d i s c u s s  t h e  a d v a n t a g e s  o f  o r t h o g o n a l  model s  o v e r  o b l i q u e  
models  w i t h  an exampl e .  Measurement s  o f  q u a n t i t a t i v e  and v e r b a l  
a b i l i t y  a r e  u s u a l l y  p o s i t i v e l y  c o r r e l a t e d .  I f  we c o n s i d e r  t h e s e  
measurement s  as  i n d i c a t o r s  o f  some l a t e n t  unmeasured  c o n s t r u c t s  o f  
q u a n t i t a t i v e  and v e r b a l  a b i l i t y  t h e n  i t  may seem t h a t  i t  i s  " r e a l i s t i c "  
t o  assume t h a t  t h o s e  l a t e n t  v a r i a b l e s  a r e  c o r r e l a t e d  a l s o .  However ,  i s  
i t  any l e s s  " r e a l i s t i c "  t o  assume t h a t  t h e r e  a r e  two u n c o r r e l a t e d  
c o n s t r u c t s  and t h a t  a l l  t h e  measurement s  i n v o l v e d  have l oa d e d  o n t o  bo t h  
o f  them? Le t  us make t h e  d i s t i n c t i o n  a l i t t l e  more p r e c i s e  t h r o u g h  t h e  
use  o f  p a t h  d i a g r a m s .
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Suppose  we have  two me a s u r e s  o f  q u a n t i t a t i v e  a b i l i t y  and two 
m e a s u r e s  o f  v e r b a l  a b i l i t y .  An o b l i q u e  model m i g h t  l o ok  l i k e :
Q A 11
P
where Q r e p r e s e n t s  l a t e n t  q u a n t i t a t i v e  a b i l i t y  
V r e p r e s e n t s  l a t e n t  v e r b a l  a b i l i t y  
QM1, QM2 t h e  two m e a s u r e s  o f  q u a n t i t a t i v e  a b i l i t y  
VM1, VM2 t h e  two m e a s u r e s  o f  v e r b a l  a b i l i t y  
U i , U2 , Wi , W2 a r e  d i s t u r b a n c e  t e r m s .
Then t h e  c o r r e l a t i o n  be t wee n  QM1 and VM2 by p a t h  a n a l y s i s  i s  
q , p v 2 . S i m i l a r l y ,  t h e  c o r r e l a t i o n  be t ween any v e r b a l  me as u r e  and 
any q u a n t i t a t i v e  me a s u r e  i n v o l v e s  p,  t h e  c o r r e l a t i o n  b e t wee n  t h e  
f a c t o r s  0  and V.
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One q u e s t i o n  whi ch  comes t o  mind i s :  i s  t h e r e  an u n d e r l y i n g
f a c t o r  s t r u c t u r e  t h a t  e x p l a i n s  t h e  c o r r e l a t i o n  be t ween  Q and V? 
C e r t a i n l y  we c o u l d  e x p l o r e  l a y e r s  and l a y e r s  o f  u n d e r l y i n g  f a c t o r  
s t r u c t u r e s  ad i n f i n i t u m  i n  t h i s  way.  And t h i s  q u e s t i o n  i n v o l v e s  t h e  
c o r r e l a t i o n s  be t we e n  two v a r i a b l e s  n e i t h e r  o f  which can be me asu r e d  
d i r e c t l y !
An a l t e r n a t i v e  model  w i t h  o r t h o g o n a l  f a c t o r s  would l ook  l i k e :
Th i s  model would s t a t e  t h a t  QM1 and VM2 a r e  c o r r e l a t e d  b e c a u s e  t h e y  
b o t h  l o a d  on t h e  two f a c t o r s  0  and V. T h a t  c o r r e l a t i o n  by p a t h  
a n a l y s i s  i s :
a i b 2 + c i d 2
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F ur th e r m o r e  we can a t t a c h  some meaning  t o  each  t e r m  i n  t h i s  
e x p r e s s i o n .  The t e r m  a , b 2 r e p r e s e n t s  t h e  p a r t  o f  t h e  c o r r e l a t i o n  
due t o  t h e  s h a r e d  c a u s e  Q and t h e  t e rm C i d 2 t h e  p a r t  o f  t h e
c o r r e l a t i o n  due t o  t h e  s h a r e d  cause  V.
A p r i m a r y  goal  o f  c a u s a l  mode l i ng  i n  e d u c a t i o n a l  s t u d i e s  i s  a 
c o h e r e n t ,  p a r s i m o n i o u s  e x p l a n a t i o n  in me a n i n g f u l  t e rms  o f  t h e  o b s e r v e d  
c o r r e l a t i o n s  between measured  v a r i a b l e s .  I f  we a r e  u t i l i z i n g  l a t e n t
unmeasured v a r i a b l e s  in  t h i s  e x p l a n a t i o n  t h e r e  seems t o  be no p r e s s i n g  
r e a s o n  t o  i n s i s t  t h a t  o b l i q u e  f a c t o r  model s  a r e  more j u s t i f i a b l e  t h a n  
o r t h o g o n a l  f a c t o r  mo d e l s .  I n d e e d ,  p e r h a p s  t h e  s t r o n g e r  c a s e  can be 
made f o r  o r t h o g o n a l  f a c t o r  mode l s ,  due t o  t h e  unambiguous  a t t r i b u t i o n s  
o f  v a r i a n c e  and c o v a r i a n c e  t o  each f a c t o r  t h e y  p r o v i d e .
Models t o  be Deve loped  i n  t h i s  S tudy
Because  o f  t h e i r  p a r s i mony  and s i m p l i c i t y  we c h o s e  t o
c o n c e n t r a t e  on d e v e l o p i n g  s t a n d a r d i z e d  o r t h o g o n a l  f a c t o r  mo de l s .  The 
n e x t  c h a p t e r  i s  d e v o t e d  t o  a d i s c u s s i o n  o f  p a r a m e t e r  e s t i m a t i o n  and 
c o n f i r m a t o r y  a n a l y s i s  o f  such mode l s .  I n  p a r t i c u l a r ,  a c a s e  i s  made
f o r  t h e  use  o f  Lohnes '  F a c t o r i a l  Model ing i n  t h i s  r e g a r d .  Th i s  method 
w i l l  be d i s c u s s e d  in  d e t a i l .
Conc l ud i ng  Remarks
Causa l  mode l i ng  i n  e d u c a t i o n a l  r e s e a r c h  r e p r e s e n t s  a s t e p  t oward  
b e t t e r  u n d e r s t a n d i n g  t h e  complex i n t e r a c t i o n s  among t h e  many v a r i a b l e s  
one must  c o n t en d  w i t h  in  e d u c a t i o n a l  e n v i r o n m e n t s .  As w i t h  a l l  
r e s e a r c h ,  c a u s a l  mo de l i ng  i s  an i t e r a t i v e  p r o c e s s .  D i f f e r e n t  models  
a r e  d e v i s e d  and compared ,  and t h e n  new models  r e v i s e d  f rom t h e  o l d  ones  
t a k e  t h e i r  p l a c e  t o  be d i s c u s s e d ,  c r i t i c i z e d ,  and r e v i s e d  y e t  a g a i n .  
The t e r m i n o l o g y  o f  s t r u c t u r a l  e q u a t i o n s  p r o v i d e s  a l anguage  w i t h  which 
we can b e t t e r  c a r r y  on t h i s  p r o c e s s  o f  d i s c u s s i o n  and r e v i s i o n  o f  
mode l s .  I t  a p p e a r s  l i k e l y  t h a t  c a u s a l  mode l i ng  d e s e r v e s  and w i l l  
m a i n t a i n  a p r om i n e n t  p o s i t i o n  as  a t o o l  f o r  m u l t i v a r i a t e  o b s e r v a t i o n a l  
s t u d i e s  i n  g e n e r a l ,  and p a r t i c u l a r l y  i n  e d u c a t i o n a l  r e s e a r c h  f o r  q u i t e  
some t i me  t o  come.
CHAPTER IV
STANDARDIZED ORTHOGONAL FACTOR MODELS AND FACTORIAL MODELING
In t h i s  c h a p t e r ,  we d i s c u s s  t h e  p a r t i c u l a r  t y p e  o f  c o v a r i a n c e  
s t r u c t u r a l  models  which we d e v e l o p e d  i n  t h i s  s t u d y :  s t a n d a r d i z e d
o r t h o g o n a l  f a c t o r  mode l s .  S e v e r a l  methods  o f  p a r a m e t e r  e s t i m a t i o n  a r e  
c o n s i d e r e d ,  and we make a c a s e  f o r  t h e  p a r t i c u l a r  method used in  t h i s  
s t u d y — F a c t o r i a l  Mode l i ng .  The use  o f  F a c t o r i a l  Model ing as  a 
c o n f i r m a t o r y  t o o l  f o r  c o v a r i a n c e  s t r u c t u r a l  models  i s  a l s o  d i s c u s s e d .
Le t  us r ev i e w  t h e  g e n e r a l  c o n t e x t  f o r  a s t a n d a r d i z e d  o r t h o g o n a l  
f a c t o r  m o d e l :
Suppose we have measured  p random v a r i a b l e s  whose c o r r e l a t i o n s  
we b e l i e v e  can be e x p l a i n e d  by n u n d e r l y i n g  o r t h o g o n a l  ( u n c o r r e l a t e d )  
l a t e n t  ( unmeasured)  v a r i a b l e s .  We d e s i r e  t o  e s t i m a t e  each  l a t e n t  
v a r i a b l e ' s  c o n t r i b u t i o n  t o  e x p l a i n i n g  t h e  o b s e r v e d  v a r i a n c e s  and 
c o v a r i a n c e s  o f  t h e  measured  v a r i a b l e s .  Fo l l o wi n g  Lohnes '  (1979)  
p r a c t i c e  we w i l l  r e f e r  t o  l a t e n t  v a r i a b l e s  as  f a c t o r s  and t o  measured  
v a r i a b l e s  as  v a r i a t e s . We make t h e  a s s u mp t i o n  t h a t  a l l  v a r i a b l e s  
(measured  and unmeasured)  a r e  endowed w i t h  a s t a n d a r d i z e d  m e t r i c  (mean 
z e r o  and u n i t  v a r i a n c e ) .  Hence t h e  c o v a r i a n c e  be tween any two 
v a r i a b l e s  i s  t h e  same as  t h e i r  c o r r e l a t i o n .  Any v a r i a n c e  i n  a v a r i a t e  
n o t  e x p l a i n e d  by t h e  n common f a c t o r s  i s  assumed due t o  a un i que  f a c t o r  
which i n c l u d e s  any e r r o r s  in measuremen t .  These p un i que  f a c t o r s  a r e  
assumed u n c o r r e l a t e d  w i t h  t h e  common f a c t o r s  and wi t h  each  o t h e r .  We 
r e f e r  t o  t h e s e  un i que  f a c t o r s  as  d i s t u r b a n c e  t e r m s .
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Our g o a l ,  t h e n ,  i s  t o  e s t i m a t e  t h e  p a r a m e t e r s  o f  t h e  f o l l o w i n g  
which i s  a s t a n d a r d i z e d  o r t h o g o n a l  f a c t o r  model w i t h  n f a c t o r s  




Xp d e n o t e t h e  p v a r i a t e s ;
F , , F2 , * • M Fn d e n o t e t h e  n f a c t o r s ;
U1 , U2 , * • • > Up d e n o t e t h e  p d i s t u r b a n c e  t e r m s .
V a r ( X , ) =  1 ( i  =  1 , 2 , . . . , p )
V a r ( F k ) =  1 ( k  =  1 , 2 , . . . , n )
Cov( F k , Fm) =  0 ( k  *  m ;  k ,  m  =  1 , 2 , . . .  , n)
Cov<U, , Uj> =  0 < i  4 j ;  i ,  j  =  1 , 2 , . . . . p )
Cov( F k , U, ) = 0 ( k  =  1 , 2 , . . . , n ;  i  =  1 , 2 , .
s t r u c t u r a l  e q u a t i o n s  a r e :
X] = S 1 1 F 1 + S 1 2 T2 + S 13F3 + . . . + S 1 n Fn + d 1U1
X2 = S2 1 F2 + S2 2 F2 + S2 3 F3 + . . . + S2 nFn + d 2t )2
X3 = S3 1 F3 + S3 2 F2 + S3 3 F3 + . . . + S 3 n F n + d 3 U 3
Xp = Spi F3 + S p 2 F2 + SP3F3 + . . . + S p n F n + dpllp
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In  t e rms  o f  a p a t h  d i a g r a m  o u r  model i s  as  f o l l o w s :
2 n
where t h e  p a t h  c o e f f i c i e n t  on t h e  a r ro w f rom F k t o  X, i s  s , k . 
Pa th  a n a l y s i s  p r o v i d e s  us w i t h  t h e  f o l l o w i n g  i n t e r p r e t a t i o n s :
s,,< = C o v ( X i , F k ) = t h e  c o r r e l a t i o n  o f  X, and Fk 
( s , k i s  c a l l e d  t h e  l o a d i n g  o f  Xf on Fk) .  
s i ks j k = c o n t r i b u t i o n  o f  f a c t o r  Fk t o  e x p l a i n i n g  t h e  
c o r r e l a t i o n  be t wee n  v a r i a t e s  X( and X j . 
dj  = p a r t  o f  v a r i a n c e  o f  Xj u n e x p l a i n e d  by model
( d j  i s  somet imes  c a l l e d  t h e  u n i q u e  v a r i a n c e  o f  Xs ) .
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And we d e f i n e :
hj  = Z_s?j = p a r t  o f  v a r i a n c e  o f  Xd e x p l a i n e d  by model
( h j  i s  c a l l e d  t h e  communal i t.y o f  X j ) .
Note t h a t
1 = V a r ( X i ) = h? + d?
S ? 1 + S^2 + . . . + S?n + d ? .
and
Cov ( X i , X j ) = s i k s j k
We assume d i s t u r b a n c e  t e rms  a r e  p o s i t i v e l y  c o r r e l a t e d  w i t h  t h e i r  
c o r r e s p o n d i n g  v a r i a t e s .  Thus d ( > 0 f o r  i = 1 , 2 , . . . , p.
E s t i m a t i o n  o f  Model P a r a m e t e r s
The model d e s c r i b e d  above can be d e s c r i b e d  q u i t e  s i m p l y  i f  we 
employ t h e  use  o f  m a t r i x  a l g e b r a  n o t a t i o n .  Le t  X d e n o t e  t h e  column 
v e c t o r  ( p - d i m e n s i o n a l ) o f  t h e  r e s p o n s e  v a r i a t e s  X i , X2 , . . . ,  Xp .
Tha t  i s ,
where a pr ime  C >  d e n o t e s  a t r a n s p o s e  o f  e i t h e r  a v e c t o r  o r  m a t r i x .
X' = ( X , ,
S i m i l a r l y  l e t  F d e n o t e  t h e  n - d i m e n s i o n a l  v e c t o r  o f  f a c t o r s :
F'  = < F , ,
and l e t  U d e n o t e  t h e  p - d i m e n s i o n a l  v e c t o r  o f  d i s t u r b a n c e  t e r m s :
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I f  we d e n o t e  by S t h e  <p x n)  l o a d i n g  m a t r i x ,  i . e . ,  S =
S ) 2  • • • S i n
\
V
and by D t h e  p x p d i a g o n a l  m a t r i x  w i t h  d,  i n  t h e  i t h  d i a g o n a l  e n t r y
t he n  we may d i s p l a y  t h e  e n t i r e  s e t  o f  s t r u c t u r a l  e q u a t i o n s  as
^  v
X = sY + DU
The s t a n d a r d i z a t i o n  a s s u m p t i o n s  g i v e  us t h e  f o l l o w i n g  d e c o m p o s i t i o n  o f  
P, t h e  c o r r e l a t i o n  m a t r i x  o f  t h e  v a r i a t e s :
P = S S 1 + DD'
f ' d i  0





where  S ' ,  D1 d e n o t e  t h e  t r a n s p o s e  m a t r i c e s  o f  S,  D r e s p e c t i v e l y .  I f  R 
d e n o t e s  a sample  c o r r e l a t i o n  m a t r i x  and S d e n o t e s  an e s t i m a t e  o f  t h e  
l o a d i n g  m a t r i x ,  t h e n  we can o b t a i n  an e s t i m a t e  o f  D by l e t t i n g  D be t h e  
(p x p)  d i a g o n a l  m a t r i x  w i t h  t h e  i t h  d i a g o n a l  e n t r y  equa l  t o  t h e  
p o s i t i v e  s q u a r e  r o o t  o f  t h e  i t h  d i a g o n a l  e n t r y  o f  R -  S S ' .  We t h e n  
need t o  c o n c e r n  o u r s e l v e s  w i t h  how t o  e s t i m a t e  t h e  l o a d i n g  m a t r i x  S. 
The e x p e c t e d  v a l u e  o f  F, g i v e n  X, can be w r i t t e n  as
A# | . A /
E(F|X)  = S ' P - ' X
Thi s  i m p l i e s  t h a t  i f  we want  t o  e s t i m a t e  f a c t o r  " s c o r e s "  by f u n c t i o n s  
o f  t h e  v a r i a t e s ,  t h e n  l i n e a r  f u n c t i o n s  would be mos t  r e a s o n a b l e .  Tha t  
i s ,  each  f a c t o r  i s  a l i n e a r  c o m b i n a t i on  o f  t h e  v a r i a t e s :
Fk = b k iX, + b k2X2 + . . . + bkpXp (k  = l , 2 , . . . , n )
o r  in l i n e a r  a l g e b r a i c  n o t a t i o n  w i t h  ' = < b k 1 , b k 2 , - - . ,  b kp)
we have
Fk = £k ' X
These s c o r i n g  c o e f f i c i e n t  v e c t o r s  b k must  be such t h a t  t h e  f a c t o r s  
Fk have u n i t  v a r i a n c e  and a r e  m u t u a l l y  o r t h o g o n a l .
With t h e s e  o p e r a t i o n a l  d e f i n i t i o n s  o f  t h e  f a c t o r s ,  t h e  e s t i m a t e s  
o f  t he  s t r u c t u r a l  c o e f f i c i e n t s  can be computed s im p l y  as
s t k = Cov( X t , F k )
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One c o u l d  a r gu e  t h a t  t h e  f a c t o r s  h e r e  a r e  no l o n g e r  l a t e n t  
v a r i a b l e s  s i n c e  t h e y  a r e  w r i t t e n  a s  l i n e a r  c o m b i n a t i o n s  o f  me asu re d
v a r i a b l e s .  However,  t h e s e  f a c t o r  " s c o r e s "  a r e  a means t o  t h e  end goal  
o f  e s t i m a t i n g  t h e  s t r u c t u r a l  p a r a m e t e r s  o f  t h e  model .  For  o u r  p u r p o s e s  
t h e y  s e r v e  as  an i n t e r m e d i a r y  c o m p u t a t i o n a l  t o o l  and in  t h e  c a u s a l  
mode l ing  s e t t i n g  we need n o t  a t t a c h  any p r i m a r y  i m p o r t a n c e  t o  t h e  
c o e f f i c i e n t s  bk i . What i s  i m p o r t a n t  i s  t h a t  t h e s e  c o e f f i c i e n t s  
d e f i n e  l i n e a r  c o m b i n a t i o n s  o f  t h e  v a r i a b l e s  t h a t  have u n i t  v a r i a n c e  and 
a r e  m u t u a l l y  o r t h o g o n a l .  On t h e  o t h e r  hand ,  s i n c e  o u r  model p r o p o s e s  
t o  e x p l a i n  t h e  u n d e r l y i n g  s t r u c t u r e  o f  t h e  c o r r e l a t i o n s  among t h e  
v a r i a b l e s  X , ,  X2 , . . . ,  Xp in  t e rms  o f  f a c t o r s  t h a t  r e p r e s e n t  o u r  
i d e a s  o f  what  l a t e n t  v a r i a b l e s  a c c o u n t  f o r  t h o s e  c o r r e l a t i o n s ,  we 
s hou l d  choose  " d e f i n i t i o n s "  o f  t h e  f a c t o r s  t h a t  r e f l e c t  more t h a n  j u s t  
t h e  s t a n d a r d i z a t i o n  a s s u m p t i o n s  o f  o u r  model .  We n e x t  d i s c u s s  soma 
p o s s i b l e  s t r a t e g i e s  f o r  e s t i m a t i n g  t h e  p a r a m e t e r s  o f  t h e  model u s i n g  
o p e r a t i o n a l  d e f i n i t i o n s  o f  t h e  f a c t o r s .
P r i n c i p a l  Components
One method o f  o p e r a t i o n a l l y  d e f i n i n g  t h e  f a c t o r s  F i ,  F2 , . . . ,
Fn would be t h r o u g h  t h e  use  o f  p r i n c i p a l  component s .  T h a t  i s ,  we
cou l d  d e f i n e  F, a s  t h e  f i r s t  p r i n c i p a l  component  o f  t h e  v a r i a t e s  
X , , X2 , . . . ,  Xp ( t h e n  s t a n d a r d i z i n g  by d i v i d i n g  by t h e  s q u a r e  r o o t  
o f  t h e  v a r i a n c e ) ,  F2 as  t h e  second  p r i n c i p a l  component ,  F3 as  t h e
t h i r d  p r i n c i p a l  component ,  and so o n .  Th i s  would c e r t a i n l y  p r o v i d e  us
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w i t h  m u t u a l l y  o r t h o g o n a l  f a c t o r s ,  b u t  we would f i n d  t h a t  t h e  r e s u l t i n g  
e s t i m a t e s  o f  s t r u c t u r a l  p a r a m e t e r s  would p r o v i d e  " ove r "  e s t i m a t e s  o f  
t h e  c o r r e l a t i o n s  among t h e  v a r i a t e s  X , , X2 , . . . ,  Xp . Th i s  i s  n o t  
s u r p r i s i n g ,  s i n c e  p r i n c i p a l  components  a r e  d e f i n e d  t o  maximize  t h e  
communal i t i  es  o f  t h e  v a r i a t e s  and as  a r e s u l t  w i l l  n o t  n e c e s s a r i l y  f i t  
t h e  sample c o r r e l a t i o n s .
Ano t he r  p rob l em wi t h  u s i n g  p r i n c i p a l  components  i s  t h a t  t h e s e  
l i n e a r  c o m b i n a t i o n s  which s e r v e  as  f a c t o r  d e f i n i t i o n s  a r e  d e t e r m i n e d  
c o m p l e t e l y  by t h e  sample  c o r r e l a t i o n  m a t r i x  and t h e r e  i s  no chanc e  f o r  
t h e  c a u s a l  mode l e r  t o  impose a p r i o r i  t h e o r e t i c a l  l i m i t a t i o n s  on t h e  
" n a t u r e "  o f  t h e s e  f a c t o r s .  No s p e c i f i c  i n t e r p r e t a t i o n s  c ou l d  be made 
a c c o r d i n g  t o  d i s t i n c t i o n s  between f a c t o r s  s i n c e  t h e y  s i mp l y  r e p r e s e n t  
l i n e a r  c o m p o s i t i e s  which a r e  max i mal l y  c o r r e l a t e d  wi t h  t h e  v a r i a t e s .  
Thus t h e  t e c h n i q u e  o f  p r i n c i p a l  components  seems t o  be b e t t e r  s u i t e d  t o  
f i n d i n g  t h e  d i m e n s i o n s  o f  common v a r i a n c e  between t h e  v a r i a t e s  t h a n  t o  
o b t a i n i n g  good s t r u c t u r a l  p a r a m e t e r  e s t i m a t e s .
T r a d i t i o n a l  F a c t o r  A n a l y s i s
The goal  o f  mos t  u s e s  o f  t r a d i t i o n a l  f a c t o r  a n a l y s i s  has  been t o  
measure  t h e  f a c t o r s  w i t h  s ec o n d a r y  i n t e r e s t  i n  t h e  e s t i m a t e s  o f  
s t r u c t u r a l  p a r a m e t e r s .  As w i t h  t h e  t e c h n i q u e  o f  p r i n c i p a l  c omponen t s ,  
one o b t a i n s  o p e r a t i o n a l  d e f i n i t i o n s  o f  t h e  f a c t o r s  a s  l i n e a r  
c o m b i n a t i o n s  o f  t h e  v a r i a t e s .  These  d e f i n i t i o n s  p r o v i d e  us w i t h  
f a c t o r s  t h a t  have u n i t  v a r i a n c e  and a r e  m u t u a l l y  o r t h o g o n a l .  However ,  
u n l i k e  p r i n c i p a l  componen t s ,  t h e s e  d e f i n i t i o n s  a r e  made t o  p r o v i d e
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s t r u c t u r a l  p a r a m e t e r s  which e s t i m a t e  t h e  c o r r e l a t i o n s  among v a r i a t e s  a s  
c l o s e l y  as  p o s s i b l e .  The r e  a r e  some u s e s  o f  f a c t o r  a n a l y s i s  which 
p r o v i d e  f o r  o b l i q u e  ( c o r r e l a t e d )  f a c t o r s ,  b u t  t h e s e  would be 
i n a p p r o p r i a t e  f o r  o u r  mode l s .
The o n l y  mo de l i ng  c o n s t r a i n t  one imposes  when u s i n g  f a c t o r
a n a l y s i s  i s  i n  d e t e r m i n i n g  n,  t he  number o f  f a c t o r s .  P a s t  u se s  o f  t h e  
t e c h n i q u e  seem t o  have f o c u s e d  a t t e n t i o n  on t h e  s c o r i n g  c o e f f i c i e n t s  
f o r  t h e  f a c t o r s ,  u s u a l l y  in some a t t e m p t  t o  " d i s c o v e r "  what  t h e  f a c t o r s  
a r e .  In t h i s  r e g a r d  one  s hou l d  n o t e  t h a t  any s o l u t i o n  f o r  p a r a m e t e r
e s t i m a t e s  p r o v i d e d  by f a c t o r  a n a l y s i s  i s  n o t  u n i q u e .  I n d e e d ,  l e t  S be 
t h e  (p x n) l o a d i n g  m a t r i x  p r o v i d e d  by f a c t o r  a n a l y s i s  and l e t  E d e n o t e  
a d i a g o n a l  e r r o r  m a t r i x .  Then t h e  (p x p)  c o r r e l a t i o n  m a t r i x  P c o u l d
be w r i t t e n  as
P = S S 1 + E.
Now, l e t  A be any (n x n) o r t h o g o n a l  m a t r i x .  (By d e f i n i t i o n  AA1 = A'A = 
I n , t h e  n x n i d e n t i t y  m a t r i x ) .  I f  we l e t  T = SA, t h e n  we have
TT‘ = (SA) ( S A ) 1 = ( S A X A ' S 1) = S ( AA' )S '  = S I nS'  = SS'
Thus P = TT' + E shows t h a t  T p r o v i d e s  us w i t h  j u s t  as  "good"  o f  a 
l o a d i n g  m a t r i x  a s  S.  T i s  c o n s i d e r e d  t o  be an o r t h o g o n a l  f a c t o r  
r o t a t i o n  o f  t h e  o r i g i n a l  f a c t o r s  r e p r e s e n t e d  by t h e  s t r u c t u r a l  m a t r i x  S.
T r a d i t i o n a l  f a c t o r  a n a l y s i s  a p p e a r s  t o  be b e t t e r  s u i t e d  f o r  
e x p l o r a t o r y  d a t a  a n a l y s i s  t h a n  as  a c a u s a l  mo d e l i n g  t e c h n i q u e .  I t
c o u l d  p r o v i d e  us i n f o r m a t i o n  a s  t o  t h e  number o f  f a c t o r s  which m i g h t  be 
r e q u i r e d  when we a r e  b u i l d i n g  t h e  model b u t  o t h e r  t e c h n i q u e s  would be 
more a p p r o p r i a t e  f o r  d o i n g  a c o n f i r m a t o r y  a n a l y s i s  o f  t h e  model .
Ca n on i ca l  C o r r e l a t i o n  A n a l y s i s
One c ou l d  a t t e m p t  t o  use  c a n o n i c a l  c o r r e l a t e s  as  f a c t o r  
d e f i n i t i o n s .  Th i s  v/ould r e q u i r e  d e s i g n a t i n g  some s e t  o f  c r i t e r i o n  
v a r i a t e s  and t h e n  comput ing  a s e t  o f  c a n o n i c a l  c o r r e l a t e s  o f  t h i s  s e t  
wi t h  t h e  s e t  o f  r e m a i n i n g  v a r i a t e s .  The o b j e c t i o n s  t o  u s i n g  t h i s  
t e c h n i q u e  would be s i m i l a r  t o  t h o s e  r a i s e d  a b o u t  p r i n c i p a l  componen t s .  
I t  s u f f i c e s  t o  say  t h a t  c a n o n i c a l  c o r r e l a t i o n  a n a l y s i s  m i g h t  be 
a p p r o p r i a t e  in t h e  e x p l o r a t o r y  s t a g e  o f  r e s e a r c h  toward  b u i l d i n g  a 
model .  However ,  s i n c e  i t  l e a v e s  l i t t l e  room f o r  t h e  mo d e l e r  t o  impose 
some t h e o r e t i c a l  r e s t r i c t i o n s  on t h e  n a t u r e  o f  f a c t o r s ,  i t  would n o t  be 
a p p r o p r i a t e  as  a c o n f i r m a t o r y  t o o l  o r  f o r  f i t t i n g  t h e  d a t a .
Maximum L i k e l i h o o d  F a c t o r  A n a l y s i s
J o r e s k o g  and So r bom' s  LISREL i s  a complex and e x p e n s i v e  p rogram 
f o r  f i t t i n g  and t e s t i n g  l a t e n t  v a r i a b l e  s t r u c t u r a l  mode l s  t o  sample  
d a t a .  I t  i s  a p p r o p r i a t e  f o r  f i t t i n g  b o t h  t h e  me asu r e men t  and 
s t r u c t u r a l  component s  o f  t h e  model and t h e  v a r i a b l e s  may be 
s t a n d a r d i z e d  o r  n o t ,  w h i l e  t h e  f a c t o r s  can be e i t h e r  o b l i q u e  o r  
o r t h o g o n a l .  These  p r o c e d u r e s  a r e  b e i ng  c o n s t a n t l y  r e v i s e d  and 
u p g ra d ed .  D e s c r i p t i o n s  o f  t h e  l a t e s t  v e r s i o n  and exampl es  o f  i t s  use  
can be f ou n d  in t h e  LISREL VI Manual ( J o r e s k o g  & Sorbom,  1983 ) .
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The b i g g e s t  a d v a n t a g e  o f  LISREL i s  t h a t  by e mpl oy i ng  maximum 
l i k e l i h o o d  f a c t o r  a n a l y s i s  one can o b t a i n  an o v e r a l l  c h i - s q u a r e d
g o o d n e s s - o f - f i t  t e s t  f o r  t h e  mode l .  U n f o r t u n a t e l y ,  t h e  a v a i l a b i l i t y  o f  
LISREL, p e r h a p s  due t o  i t s  c o s t ,  v a r i e s  w i d e l y  and many r e s e a r c h e r s  do 
n o t  have a c c e s s  t o  i t .  The p a r t i c u l a r  t y p e  o f  model we a r e  c o nc e r n ed  
wi t h  in t h i s  s t u d y  i s  a s t a n d a r d i z e d  o r t h o g o n a l  f a c t o r  mode l .  Whi le 
LISREL c ou l d  be used t o  f i t  and t e s t  such a model t h e r e  e x i s t s  a much 
s i m p l e r  and l e s s  e x p e n s i v e  t e c h n i q u e ,  namely F a c t o r i a l  Mode l i ng .
F a c t o r i a l  Model ing
F a c t o r i a l  Model ing  (FaM) i s  t h e  name Langl ey  has  g i v e n  t o  t h e  
method Lohnes d e v e l o p ed  f o r  f i t t i n g  a c a u s a l  model w i t h  h y p o t h e s i z e d  
l a t e n t  o r t h o g o n a l  c a u s e s  t o  d a t a  which have been r e d u c e d  t o  a
c o r r e l a t i o n  m a t r i x .  The name i n v i t e s  a compar i s on  w i t h  f a c t o r  
a n a l y s i s ,  and t h e  model s  f i t t e d  by each  a r e  s i m i l a r  i n  s t r u c t u r e .  
However,  f a c t o r  a n a l y s i s  r e q u i r e s  o n l y  t h a t  t h e  number o f  f a c t o r s  in
t h e  model be d e t e r m i n e d  b e f o r e h a n d .  F a c t o r i a l  Model ing r e q u i r e s  t h e  
f o l l o w i  ng:
1) a number i ng  o f  t h e  f a c t o r s  and t h e  s p e c i f i c a t i o n  o f  each  
f a c t o r  by two o r  more v a r i a t e s .
2)  t h e  i d e n t i f i c a t i o n  o f  a key c r i t e r i o n  v a r i a t e  t o  which t h e  
f a c t o r s  w i l l  be o r i e n t e d .
3)  an o r d e r i n g  o f  f a c t o r s  f o r  e x t r a c t i o n  f rom t h e  c o r r e l a t i o n
mat r i  x.
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To u n d e r s t a n d  t h e  t e c h n i q u e  o f  F a c t o r i a l  Mode l i ng ,  i t  i s  b e s t  t o  
c o n s i d e r  t h e  more g e n e r a l  c l a s s  o f  f a c t o r  e x t r a c t i o n  t e c h n i q u e s  o f  
which i t  i s  a member.
A Genera l  F a c t o r  E x t r a c t i o n  Techn i que
The ma th e ma t i c s  be h i nd  t h e  method u s e s  n e i t h e r  t h e  c a l c u l u s  o f  a 
l e a s t  s q u a r e s  app r o a c h  nor  t h e  maximum l i k e l i h o o d  f a c t o r  a n a l y s i s  o f  a 
LISREL a p p ro ac h .  R a t h e r  i t  i s  based  on some f a i r l y  s i m p l e  l i n e a r  
a l g e b r a i c  t e c h n i q u e s  f o r  e x t r a c t i n g  a r b i t r a r y  o r t h o g o n a l  f a c t o r s  f rom a 
c o r r e l a t i o n  m a t r i x .  Th i s  work was p i o n e e r e d  by Gut tman in  t h e  1 9 4 01s 
and 1 9 5 0 ' s  ( Gut tman ,  1948,  1944,  1952;  T h u r s t o n e ,  1945) .  F a c t o r i a l  
Model ing r e p r e s e n t s  a s p e c i a l  a p p l i c a t i o n  o f  t h e s e  t e c h n i q u e s .  O v e r a l l  
(1962)  p r o v i d e d  a p r o o f  t h a t  t h e  f a c t o r s  e x t r a c t e d  by such a t e c h n i q u e  
a r e  u n c o r r e l a t e d ,  ( s e e  a l s o  Cooley  & Lohnes ,  1971) .
The g e n e r a l  method o f  e x t r a c t i o n  can be d e s c r i b e d  as  f o l l o w s :
Suppose we have p s t a n d a r d i z e d  v a r i a b l e s  X , , X2 , . . . ,  Xp .
Then t h e i r  c o r r e l a t i o n  m a t r i x  i s  t h e  same as  t h e i r  c o v a r i a n c e  m a t r i x .  
I f  a f a c t o r  f ,  i s  " d e f i n e d 1 as  some l i n e a r  c o m b i n a t i o n  o f  t h e s e  
v a r i a b l e s ,  i . e .
f i  = a iX,  + a 2X2 + . . . + a pXp ,
t h e n  we want  t o  s t a n d a r d i z e  t h i s  f a c t o r  and e x t r a c t  i t  f r om t h e  
c o r r e l a t i o n  m a t r i x .
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In  l i n e a r  a l g e b r a i c  t e r m s ,  i f  X' = ( X , ,  X2 , . . . ,  Xp)
r e p r e s e n t s  t h e  v e c t o r  o f  r e s p o n s e  v a r i a t e s ,  and R, r e p r e s e n t s  t h e  
c o r r e l a t i o n  m a t r i x  o f  t h e  X / s ,  i . e . ,  Ri =
^ r  11 r  12
r  2 1 r  2 2
1 r p Z  • • • ■ p p y
where r , j  = c o r r e l a t i o n  be t ween and X j , t h e n  we can w r i t e
f ,  = a ' K
where a '  -  ( a i , a 2 , . . . ,  a p ) .  The v a r i a n c e  o f  f i  can be w r i t t e n
as
Thus
V a r ( f  i ) = a '  Ri'a.
F, = f , /  \ /  a '  Ri'a
i s  a s t a n d a r d i z e d  f a c t o r  (mean z e r o  and u n i t  v a r i a n c e ) .  We e x t r a c t  
Fi f rom t h e  c o r r e l a t i o n  m a t r i x  by p a r t i a l  l i n g  o u t  i t s  i n f l u e n c e  f rom 
each  o f  t h e  p v a r i a b l e s ,  and t h e n  r e c o m p u t i n g  t h e i r  c o v a r i a n c e s .  Th i s  
new v a r i a n c e - c o v a r i a n c e  m a t r i x  i s  r e f e r r e d  t o  as  t h e  r e s i d u a l  m a t r i x .
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A n o t h e r  way o f  l o o k i n g  a t  t h i s  e x t r a c t i o n  p r o c e s s  i s  t o  s im p l y  
n o t e  t h a t  we a r e  d e f i n i n g  p new v a r i a b l e s :
X, = X, -  Cov( X i , F , ) F ,
X2 = X2 -  Cov(X2 , F , )F,
Xp = Xp -  Cov(Xp , F , )F,
These new v a r i a b l e s  a r e  a l l  u n c o r r e l a t e d  w i t h  F , ,  s i n c e  f o r  i = 
1 , 2 , . . . ,p we have
Cov(Xt , F i ) = Cov(X, -  Cov( X, ,  F , )  F , , F , )
= Cov<X, , F i ) -  C o v ( X , , F i ) C o v ( F , , F , )
= Cov( X, , F , ) -  C o v ( X , , F i )
= 0 .
I f  we compute t h e  c o v a r i a n c e  m a t r i x  o f  t h e s e  new v a r i a b l e s  and 
d e n o t e  i t  by R2 , t h e n  R2 r e p r e s e n t s  t h e  r e s i d u a l  c o r r e l a t i o n  m a t r i x  
o f  t h e  o r i g i n a l  v a r i a b l e s  a f t e r  t h e  f a c t o r  Fi has  been e x t r a c t e d .  In 
m a t r i x  t e r m s :
R2 = R, -  s', s', 1 
where s', * = ( C o v ( X , , F , > ,  Cov(X2 , F , ) , . . . ,  Cov(Xp t F , ) ) .
Now, s i n c e  t h e  v a r i a b l e s  Xp a r e  e a c h  u n c o r r e l a t e d
w i t h  F , ,  any l i n e a r  c o m b i n a t i o n  o f  t h e s e  v a r i a b l e s ,  such  as
f 2 = b i £ ,  + b 2$ 2 + . . . + bpXp
i s  u n c o r r e l a t e d  w i t h  F, a l s o .  I f  we d e n o t e  t h e  c o e f f i c i e n t  v e c t o r  by 
b 1 = < b , ,  b 2 , . . . ,  b p ) ,  t h e n  t h e  f a c t o r
F2 = f 2/  V ^ r C f T )  = f 2 /  V b ' R 2^
w i l l  be s t a n d a r d i z e d  and o r t h o g o n a l  t o  F , .  We can t h e n  d e f i n e  p new
v a r i a b l e s  by s e t t i n g
§ ,  = -  C o v ( X , , F 2 ) F 2
= X, -  C o v ( X | , F , ) F ,  -  Cov( X i , F2 ) F2
f o r  i = 1 , 2 , . . . , p .  I t  i s  e a s y  t o  check  t h a t  f o r  i = l , 2 , . . . , p
0 = C o v ( X , , F , ) = C o v ( X , , F2 )
We can now compute t h e  v e c t o r  o f  s t r u c t u r a l  c o e f f i c i e n t s  f rom t h e
second f a c t o r  a s :
sV = ( C o v ( X , , F2 ) ,  C o v ( X 2 , F2 ) , . . . ,  C o v ( X p ,  F2 ) )
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The v a r i a n c e - c o v a r i a n c e  m a t r i x  o f  t h e s e  new v a r i a b l e s ,  which  we 
may t h i n k  o f  a s  t h e  o r i g i n a l  c o r r e l a t i o n  m a t r i x  w i t h  t h e  f a c t o r s  F,
and F2 e x t r a c t e d  i s
R3 = R2 -  Sztz' I
We can c o n t i n u e  t h i s  p r o c e s s  u n t i l  any d e s i r e d  number o f  f a c t o r s  i s
e x t r a c t e d .  Note t h a t  i f  one u s e s  t h e s e  f a c t o r s  t o  e s t i m a t e  s t r u c t u r a l
p a r a m e t e r s ,  t h e n  t h o s e  p a r a m e t e r s  a r e  g i v e n  by t h e  v e c t o r s  T k . In
o t h e r  words t h e  l o a d i n g  m a t r i x  would be
S / / /  A/ ^  /* .
=  < S 1 S 2 S  3 - .  .  S n )  •
The Use o f  S p e c i f y i n g  V a r i a t e s  and a Key C r i t e r i o n  in  FaM
F a c t o r i a l  Model i ng  i s  d i s t i n g u i s h e d  as  a p a r t i c u l a r  c a s e  o f  t h e  
g e n e r a l  o r t h o g o n a l  f a c t o r  e x t r a c t i o n  t e c h n i q u e  d i s c u s s e d  a bo v e .  Th i s
d i s t i n c t i o n  i n v o l v e s  t h e  r e q u i r e m e n t s  FaM makes on t h e  f a c t o r s  t h a t  may 
be e x t r a c t e d .
Suppose we have  measured  v a r i a b l e s  X , , X2 , . . . ,  Xp as
b e f o r e  and t h a t  we a r e  c o n s i d e r i n g  an o r t h o g o n a l  f a c t o r  model w i t h  n 
f a c t o r s  F , ,  F2 , . . . ,  Fn - FaM r e q u i r e s :
1) a s e t  o f  s p e c i f y i n g  v a r i a t e s  f o r  each  f a c t o r .  Each f a c t o r  
must  have a s s o c i a t e d  t o  i t  a s e t  o f  two o r  more v a r i a t e s .  These  s e t s  
o f  v a r i a t e s  mus t  be m u t u a l l y  e x c l u s i v e .  Tha t  i s ,  no measured  v a r i a b l e  
can a c t  as  a s p e c i f y i n g  v a r i a t e  f o r  more t h a n  one f a c t o r .  However ,
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t h e s e  s e t s  do n o t  f o r m a  p a r t i t i o n  o f  t h e  v a r i a t e s  X i , X2 , . . . ,  Xp
s i n c e  a t  l e a s t  one v a r i a t e  mus t  n o t  be a s p e c i f y i n g  v a r i a t e  f o r  any  o f
t h e  f a c t o r s .
2) a key c r i t e r i o n  v a r i a t e  f o r  o r i e n t i n g  t h e  f a c t o r s .  As c o u l d  
be seen  in  t h e  d e s c r i p t i o n  o f  t h e  g e n e r a l  e x t r a c t i o n  t e c h n i q u e ,  a 
f a c t o r  i s  " d e f i n e d "  a t  any  p a r t i c u l a r  s t e p  by a l i n e a r  c o m b i n a t i o n  o f  
v a r i a b l e s  r e p r e s e n t i n g  t h e  o r i g i n a l  v a r i a b l e s  X, ,  X2 , . . . ,  Xp
a f t e r  a l l  t h e  f a c t o r s  e x t r a c t e d  in  p r e v i o u s  s t e p s  have been p a r t i a l  l e d  
o u t .  In FaM, t h e  s p e c i f y i n g  v a r i a t e s  d e t e r m i n e  which o f  t h e  v a r i a b l e s  
w i l l  be i n v o l v e d  i n  t h i s  l i n e a r  c o m b i n a t i o n .  A key c r i t e r i o n  w i l l  
d e t e r m i n e  t h e  c o e f f i c i e n t s  o f  t h o s e  v a r i a b l e s  in  t h e  l i n e a r  
c o m b i n a t i o n .  The key c r i t e r i o n  v a r i a t e  i s  chosen  f rom amongst  t h e  
measured v a r i a b l e s  n o t  u sed  as  s p e c i f y i n g  v a r i a t e s .  The c o e f f i c i e n t  o f  
each v a r i a b l e  i s  i t s  c o r r e l a t i o n  wi t h  t h i s  key c r i t e r i o n .
For  exampl e ,  su p p o s e  Rk = C r t j ) i s  t h e  r e s i d u a l  c o r r e l a t i o n
m a t r i x  o f  t h e  v a r i a b l e s  X i , X2 , . . . ,  Xp a f t e r  f a c t o r s  F , ,
F2 , . . . ,  Fk_i have been e x t r a c t e d .  In o t h e r  words ,  Rk r e p r e s e n t s  
t h e  v a r i a n c e - c o v a r i a n c e  m a t r i x  f o r  v a r i a b l e s  Y , ,  Y2 , . . . ,  Yp where
CovCYi,  F j )  = 0 f o r  i = l , 2 , . . . , p ;  j = l , 2 , . . . ,  k - 1 . I f  t h e  s p e c i f y i n g  
v a r i a t e s  f o r  f a c t o r  Fk a r e  X , ,  X2 , . . . ,  Xq and t h e  key c r i t e r i o n  
i s  Xp , t h e n  we would l e t
fk  = r i PYi + r 2pY2 + . . . + r qpYq
and
Fk = f k/  V V a r ( f k )
would be s t a n d a r d i z e d .
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As b e f o r e ,  t h e  s t r u c t u r a l  c o e f f i c i e n t s  f o r  t h e  p a t h  f rom Fk t o  Xi
would be
s , k = Cov( X t ,  F k >
f o r  i = l , 2 , . . . , p  and t h e  r e s i d u a l  c o r r e l a t i o n  m a t r i x  f o r  t h e  n e x t  s t e p  
would be
Ri< +1 = Rk -  s k s '
where t k i s  t h e  column v e c t o r  o f  t h o s e  s t r u c t u r a l  c o e f f i c i e n t s .  Thi s
m a t r i x  would r e p r e s e n t  t h e  c o r r e l a t i o n  m a t r i x  a f t e r  f a c t o r s  F i ,
F z , . . .  F k had been e x t r a c t e d .
3) an o r d e r  f o r  e x t r a c t i o n  o f  t h e  f a c t o r s .  Because  o f  t h e  use  
o f  w e i g h t s  ( t h e  c o e f f i c i e n t s  o f  t h e  s p e c i f y i n g  v a r i a t e s  i n  each  s t e p )
based  on a key c r i t e r i o n ,  t h e  s t r u c t u r a l  c o e f f i c i e n t s  e s t i m a t e d  by FaM 
a r e  n o t  i n d e p e n d e n t  o f  t h e  o r d e r  o f  e x t r a c t i o n .  Hence some o r d e r i n g  
must  be d e c i d e d  on b e f o r e h a n d .  Th i s  may be viewed as  t h e  p r i c e  p a i d  
f o r  u s i n g  t h e  s i m p l e r  l i n e a r  a l g e b r a i c  e x t r a c t i o n  p r o c e s s  in  l i e u  o f  
l e a s t  s q u a r e s  o r  maximum l i k e l i h o o d  t e c h n i q u e s .
Th i s  o r d e r  c a r r i e s  w i t h  i t  t h e  f o l l o w i n g  i n t e r p r e t a t i o n  o f  t h e  
s t r u c t u r a l  p a r a m e t e r s :  s )k i s  t h e  e f f e c t  ( me a su r e d  i n  s t a n d a r d
d e v i a t i o n s  i n c r e a s e )  on t h e  v a r i a t e  X, r e s u l t i n g  f rom one  s t a n d a r d
d e v i a t i o n  i n c r e a s e  in  t h e  f a c t o r  Fk , a f t e r  f a c t o r s  F , ,  F2 , . . . ,
Fk_, have been c o n t r o l l e d .
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Summary o f the FaM Algorithm
We a r e  now in  a  p o s i t i o n  t o  summar ize  t h e  p r e v i o u s  d i s c u s s i o n  by 
o u t l i n i n g  t h e  s t e p - b y - s t e p  a l g o r i t h m  f o r  F a c t o r i a l  Model i ng .
Le t  X , ,  Xp be t h e  s t a n d a r d i z e d  measured  v a r i a b l e s
( v a r i a t e s )  f o r  which we d e s i r e  a  s t a n d a r d i z e d  o r t h o g o n a l  f a c t o r  model 
w i t h  f a c t o r s  F , ,  F2> . . . ,  Fn and u n c o r r e l a t e d  d i s t u r b a n c e  t e r m s .
We w i l l  d e n o t e  t h e  v a r i a t e  r e s p o n s e  v e c t o r  by
and l e t  R d e n o t e  t h e  sample  c o r r e l a t i o n  m a t r i x  f o r  X , ,  X2 , . . . ,  
Xp , t h a t  i s ,  R =
Let  F 1 = ( F i ,  F2 , . . . ,  Fn> and l e t  I ,  be t h e  (p  x p)  d i a g o n a l  
m a t r i x  w i t h  l ' s  in t h e  d i a g o n a l  e n t r i e s  c o r r e s p o n d i n g  t o  t h e  s p e c i f y i n g  
v a r i a t e s  o f  t h e  f i r s t  f a c t o r  and 0 ' s  e l s e w h e r e .  For  e x ampl e ,  i f  t h e  
s p e c i f y i n g  v a r i a t e s  f o r  t h e  f i r s t  f a c t o r  a r e  X , ,  X3 , and X7 , t h e n  
I i  i s  a (p  x p)  m a t r i x  w i t h  a  "1" i n  t h e  f i r s t ,  t h i r d ,  and s e v e n t h  
d i a g o n a l  p o s i t i o n s  and z e r o e s  i n  a l l  o t h e r  e n t r i e s .
X1 = ( X , ,  X2 , . . . ,  Xp)
\
r 2 i r 22 r 23 • • • r 2p
V J
where r i j  i s  t h e  sample  c o r r e l a t i o n  be tween and Xj
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Le t  n  d e n o t e  t h e  column o f  t h e  c o r r e l a t i o n  m a t r i x  R, = R 
which c o r r r e s p o n d s  t o  t h e  key c r i t e r i o n  v a r i a t e .  Tha t  i s
r , ' = ( r , c , r 2C, • • • ,  r pC)
where C d e n o t e s  t h e  key c r i t e r i o n  v a r i a t e .  Then
^  T jVv, = I , r 1
den o t e s  t h e  c o e f f i c i e n t  v e c t o r  f o r  t h e  f i r s t  f a c t o r  b e f o r e  
s t a n d a r d i z a t i o n ,  i . e .
A ,
f ,  = v , ' X
To s t a n d a r d i z e  t h e  f a c t o r  we must  compute t h e  v a r i a n c e  o f  t h e  l i n e a r  
c o m b i n a t i on  o f  t h e  Xt ' s  r e p r e s e n t e d  by v , :
V a r ( f  i ) = \ f i 1 R ^ i
I f  we l e t
f* ^  I
h, = vi / yvi Rivi
t hen  h,  d e n o t e s  t h e  c o e f f i c i e n t  v e c t o r  o f  t h e  s t a n d a r d i z e d  f a c t o r .  
Thus t h e  f i r s t  f a c t o r  i s  d e f i n e d  as
F, = h i ' X
The c o e f f i c i e n t  o f  t h e  f i r s t  f a c t o r  i n  t h e  s t r u c t u r a l  e q u a t i o n  
f o r  X, i s
s i i  = Cov( X i , F i )
The v e c t o r  o f  t h e s e  s t r u c t u r a l  c o e f f i c i e n t s  i s
i . e . ,
s', = R,ff,
To e x t r a c t  t h e  f a c t o r  f r om t h e  c o r r e l a t i o n  m a t r i x  we compute
Rz = R, -  s \ T ,
We can now o u t l i n e  t h e  p r o c e s s  r e c u r s i v e l y .
I f :
Rk = r e s i d u a l  c o r r e l a t i o n  m a t r i x  a f t e r  e x t r a c t i o n  o f  ( k - 1 )  f a c t o r s ,  
r k = column o f  Rk c o r r e s p o n d i n g  t o  t h e  key c r i t e r i o n ,
I k = (p  x p) d i a g o n a l  m a t r i x  w i t h  1 1s i n  e n t r i e s  c o r r e s p o n d i n g  t o  
s p e c i f y i n g  v a r i a t e s  f o r  k t h  f a c t o r  and 0 ' s  e l s e w h e r e ,
t h e n  t h e  u n s t a n d a r d i z e d  c o e f f i c i e n t  v e c t o r  f o r  t h e  k t h  f a c t o r  i s
The s t a n d a r d i z e d  f a c t o r  i s  d e t e r m i n e d  by t h e  c o e f f i c i e n t  v e c t o r
and t h e  s t r u c t u r a l  c o e f f i c i e n t s  o f  t h e  k t h  f a c t o r  a r e  g i v e n  by t h e  
v e c t o r
At _ A*
S k  = Rkhk.
The r e s i d u a l  c o r r e l a t i o n  m a t r i x  a f t e r  e x t r a c t i o n  o f  t h i s  k t h  f a c t o r  i s
be the  (p x n) l o a d i n g  matr ix  ob t a i n e d  from the  n column v e c t o r s  S i ,  
s'z , . . .  , t n , and we l e t
D = t h e  d i a g o n a l  m a t r i x  w i t h  d i a g o n a l  e n t r i e s  e q u a l  t o  t h e
s q u a r e  r o o t s  o f  t h e  d i a g o n a l  e n t r i e s  o f  Rn+i .
Th i s  g i v e s  us a l l  o f  t h e  p a r a m e t e r s  o f  t h e  model
A f t e r  a l l  n f a c t o r s  have been e x t r a c t e d  we l e t
S  — ( S 1 S 2  • • •  S n  )
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The m o d e l ' s  e s t i m a t e  o f  t h e  c o r r e l a t i o n  m a t r i x  i s
R = SS ' +  DD'
and we n o t e  t h a t  t h e  o r i g i n a l  c o r r e l a t i o n  m a t r i x  can be r e c o v e r e d  w i t h
R = S S 1 + Rn + 1
One may e x p r e s s  e ac h  f a c t o r  as  a l i n e a r  c o m b i n a t i o n  o f  X, , 
X2 , . . . ,  Xp a l s o ,  t hough  t h e s e  f a c t o r  " s c o r e s "  a r e  o f  s e c o n d a r y
i mp o r t a n c e  in  t e rms  o f  o u r  model .  Tha t  i s ,  each  f a c t o r  may be w r i t t e n
in  t he  form
A* /*'
Fk = b k X
f o r  k = l , 2 , . . . , n ,  where  t)k i s  t h e  (p  x 1) s c o r i n g  v e c t o r  o f  
c o e f f i c e n t s .  These  can be e x p r e s s e d  r e c u r s i v e l y  i f  we w r i t e
b, = h,
and
bk = hk -  hk s k - i 6 k - i  ~ nk Sk- 2bk- 2  -  • • •  —h k ' S i b i
f o r  k = 2 , 3 , . . . , n .  Thus t h e  k t h  f a c t o r  i s  o p e r a t i o n a l l y  d e f i n e d  as  a
l i n e a r  c o m b i n a t i o n  o f  t h e  s p e c i f y i n g  v a r i a t e s  f o r  t h e  f i r s t  k f a c t o r s .
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The communal i t y  o f  t h e  j t h  v a r i a t e  i s  g i v e n  as
and i t s  d i s t u r b a n c e  t e rm  c o e f f i c i e n t  i s
d,  -  V '  -  h) .
o r  t h e  j t h  d i a g o n a l  e n t r y  o f  D, f o r  j  = 1 , 2 , . . . , p.
Advan t ages  and L i m i t a t i o n s  o f  FaM
Some o f  t h e  a d v a n t a g e s  o f  FaM have been me n t i oned  a l r e a d y .  I t
i s  s i mpl e  m a t h e m a t i c a l l y ,  e s p e c i a l l y  compared t o  LISREL, and FaM 
e s t i m a t e s  t h e  p a r a m e t e r s  f o r  an o r t h o g o n a l  f a c t o r  model q u i t e  
e f f i c i e n t l y .  I t  a l l o w s  t h e  mode l e r  t o  impose t h e o r e t i c a l
c o n s i d e r a t i o n s  t h r o u g h  t h e  c h o i c e s  o f  s p e c i f y i n g  v a r i a t e s  and a key 
c r i t e r i o n  v a r i a t e .
O b j e c t i o n s  t o  t h e  use  o f  FaM would a l m o s t  c e r t a i n l y  c e n t e r  on 
t h e  a p r i o r i  d e c i s i o n s  which must  be made b e f o r e  t h e  a l g o r i t h m  i s
employed:  t h e  number o f  f a c t o r s ,  s p e c i f y i n g  v a r i a t e s  f o r  e a c h  f a c t o r ,
a key c r i t e r i o n  and an o r d e r  f o r  f a c t o r  e x t r a c t i o n  mus t  a l l  be
d e t e r m i n e d  in advance  o f  t h e  c o m p u t a t i o n  o f  p a r a m e t e r  e s t i m a t e s .  
However,  one mus t  remember  t h a t  FaM i s  a c o n f i r m a t o r y  t o o l  f o r  c a u s a l  
mode l s .  P r e v i o u s  r e s e a r c h  and e x p l o r a t o r y  s t a t i s t i c a l  work i s  t h e  
ground on which f a c t o r  mode l s  a r e  b u i l t .  We mus t  have good r e a s o n s  f o r  
o u r  c h o i c e s  o f  s p e c i f y i n g  v a r i a t e s  and a key c r i t e r i o n .
In  e d u c a t i o n a l  r e s e a r c h ,  a key c r i t e r i o n  v a r i a b l e  i s  o f t e n  a 
l o g i c a l  c h o i c e  t o  make.  For e xampl e ,  i n  t h e  p r e s e n t  s t u d y  we were 
i n t e r e s t e d  in  t h e  c o r r e l a t i o n s  among c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s  
wi t h  m a t h em a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n .  A l o g i c a l  c h o i c e  f o r  
t h e  key c r i t e r i o n  would be t h a t  measure  which r e p r e s e n t s  a s t u d e n t ' s  
most  r e c e n t  m a t h e m a t i c s  a c h i e v e m e n t —  t h e  s c o r e  on t h e  f i n a l  exam in  
c a l c u l u s .  Ev i dence  p r o v i d e d  by e x p l o r a t o r y  p r i n c i p a l  component s  and 
f a c t o r  a n a l y s e s  can h e l p  us make a w e l l - f o u n d e d  c h o i c e  f o r  t h e  number 
o f  f a c t o r s .  S p e c i f y i n g  v a r i a t e s  f o r  each  f a c t o r  may be chosen  b a s ed  on 
s i m i l a r  e x p l o r a t o r y  s t a t i s t i c a l  work and c o n t e n t  c o n s i d e r a t i o n s .  For 
example ,  i f  we f e e l  t h a t  t h e r e  i s  a f a c t o r  r e p r e s e n t i n g  l a t e n t  s p a t i a l  
a b i l i t y ,  a b a t t e r y  o f  s p a t i a l  a b i l i t y  me a su r e s  would be a l i k e l y  c h o i c e  
f o r  t h e  s e t  o f  s p e c i f y i n g  v a r i a t e s  f o r  t h a t  f a c t o r .
The mos t  t r o u b l e s o m e  o b j e c t i o n  would p r o b a b l y  be w i t h  t h e  o r d e r  
dependence  i n h e r e n t  in t h e  FaM a l g o r i t h m .  There  seems no way a r o u n d  
t h i s  prob l em w i t h o u t  a l t o g e t h e r  a b an d o n i ng  t h e  s i m p l e r  l i n e a r  a l g e b r a  
f o r  more c o m p l i c a t e d  p r o c e d u r e s .  However ,  t h e  o r d e r  o f  e x t r a c t i o n  need 
no t  be a r b i t r a r y  and can be g u i d e d  by o t h e r  c o n s i d e r a t i o n s .  Because  a t  
each s t a g e  o f  t h e  e x t r a c t i o n  p r o c e s s  we a r e  d e a l i n g  w i t h  t h e  r e s i d u a l  
c o v a r i a n c e s  a f t e r  p r e v i o u s  f a c t o r s  have  been  e x t r a c t e d ,  t h e  e a r l i e r  a 
f a c t o r  i s  e x t r a c t e d ,  t h e  g r e a t e r  i s  i t s  " o p p o r t u n i t y "  t o  e x p l a i n  t h e  
c o r r e l a t i o n s .  We may want  t o  t a k e  a d v a n t a g e  o f  t h i s  f a c t  t o  r e f l e c t  
ou r  i d e a s  o f  which v a r i a b l e s  p l a y  t h e  g r e a t e s t  r o l e  in  e x p l a i n i n g  t h e  
c o r r e l a t i o n s .  Keeping t h i s  o r d e r  i n  mind a l l o w s  us t o  i n t e r p r e t  t h e  
s t r u c t u r a l  c o e f f i c i e n t s  o f  t h e  k t h  f a c t o r  a s  i t s  i n f l u e n c e  a f t e r
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p a r t i a l l i n g  o u t  t h e  f i r s t  (k  -  1) f a c t o r s .  I n d e e d ,  t h i s  i m p l i e s  t h a t  
t h e  c o n t r i b u t i o n s  o f  t h e  l a s t  f a c t o r  as  e v i d e n c e d  by i t s  s t r u c t u r a l  
c o e f f i c i e n t s  a r e  c o n t r i b u t i o n s  a f t e r  a l l  o t h e r  f a c t o r  i n f l u e n c e s  have 
been c o n t r o l l e d .  The o r d e r  o f  f a c t o r s  t h e n  i s  p e r h a p s  n o t  so 
o b j e c t i o n a b l e  i f  we make s u r e  t o  c o n s i d e r  i t  when we i n t e r p r e t  t h e  
p a r a m e t e r  e s t i m a t e s  p r o v i d e d  by FaM. Put  a n o t h e r  way,  t h e  o r d e r  o f  t h e  
f a c t o r s  i s  as  much a p a r t  o f  o u r  model as  t h e  s t r u c t u r a l  p a r a m e t e r s .
E x t e n s i o n s  o f  FaM
F a c t o r i a l  Mode l i ng  us e s  a key c r i t e r i o n  v a r i a t e  t o  d e t e r m i n e  t h e
c o e f f i c i e n t s  o r  w e i g h t i n g s  o f  t he  s p e c i f y i n g  v a r i a t e s  d e f i n i n g  each
f a c t o r .  There  a r e  a l t e r n a t i v e s  t o  t h i s  w e i g h t i n g  scheme.
Suppose t h e  f a c t o r  Fk i s  s p e c i f i e d  by t h e  v a r i a t e s  X , ,
X2 , . . . ,  Xq . Then i n  FaM we c o n s i d e r  t h e  l i n e a r  c o m b i n a t i o n
f k = r i CY, + r 2 c Y2 + . . . + r q c Y q
where Y, = t h e  v a r i a b l e  c o r r e s p o n d i n g  t o  X, a f t e r  t h e  f i r s t  <k -  1) 
f a c t o r s  have been a l r e a d y  e x t r a c t e d  ( s o  Y, i s  o r t h o g o n a l  t o  f a c t o r s  
Fi , F2 , . . . ,  Fk - i )  and r , c = Cov(Y, , C)  i s  t h e  c o v a r i a n c e
between Y, and t h e  c r i t e r i o n  v a r i a t e  C.
We d e f i n e
Fk = f  J  V v a r ( f k )
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In t h i s  way,  Fk has  mean z e r o  ( s i n c e  eac h  X, has  mean z e r o ) ,  u n i t  
v a r i a n c e ,  and i s  o r t h o g o n a l  t o  f a c t o r s  F , ,  F2 , . . . ,  Fk_ , .
We i g h t i n g s  o f  t h e  s p e c i f y i n g  v a r i a t e s  o t h e r  t h a n  t h e  r e s i d u a l  
c o r r e l a t i o n s  w i t h  t h e  c r i t e r i o n  v a r i a t e  c ou l d  have been c h o s e n .  Tha t  
i s ,  i f  we l e t
t h e n  Gk w i l l  a l s o  have mean z e r o ,  u n i t  v a r i a n c e ,  and be o r t h o g o n a l  t o  
t h e  f i r s t  ( k  -  1) f a c t o r s .  What i s  c r u c i a l ,  t h e n ,  i s  how one c h o o s e s  
t h e  c o e f f i c i e n t s  t , , t 2 , . . . ,  t q . We l i s t  some p o s s i b l e  
a l t e r n a t i v e s  t o  t h e  c h o i c e s  made by FaM:
1) u n i t  w e i g h t i n g s
We c o u l d  l e t  t i  = t 2 = . . . = t q = 1 a t  each s t e p  o f  t h e  
e x t r a c t i o n  p r o c e s s .  Th i s  would remove any dependence  on a key
c r i t e r i o n ,  b u t  t h e r e  would s t i l l  be an o r d e r  dependence  in  t h e  f a c t o r
e x t r a c t i o n  p r o c e s s .
2)  d i f f e r e n t  key c r i t e r i o n  f o r  each f a c t o r
We c o u l d  v a r y  t h e  key c r i t e r i o n  used w i t h  each f a c t o r .  These  
key c r i t e r i a  c ou l d  be s p e c i f i e d  i n d i v i d u a l l y  b e f o r e  t h e  e x t r a c t i o n
p r o c e s s  b e g i n s .  Ano t he r  a l t e r n a t i v e  which Lohnes has a d a p t e d  i s  t h e  
s p e c i f i c a t i o n  o f  a s e t  o f  key c r i t e r i a .  At  each s t a g e  o f  t h e  
e x t r a c t i o n  p r o c e s s ,  t h e  c r i t e r i o n  v a r i a t e  i s  chosen  which e n j o y s  t h e
gi< = 11Yi + t 2Y2 + . . . + t qYq
and d e f i n e
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l a r g e s t  sum o f  s q u a r e s  o f  r e s i d u a l  c o r r e l a t i o n s  wi t h  t h e  s p e c i f y i n g  
v a r i a t e s  o f  t h e  f a c t o r  c u r r e n t l y  b e i n g  e x t r a c t e d .  Th i s  a l t e r n a t i v e  i s  
a t t r a c t i v e  i f  t h e r e  i s  more t h a n  one v a r i a t e  which mi gh t  s e r v e  wel l  as  
a Key c r i t e r i o n .
3) p r i n c i p a l  component  w e i g h t i n g s
Given s p e c i f y i n g  v a r i a t e s  X),  X2 , . . . ,  Xq , we c o u l d  t a k e  
t h e  c o e f f i c i e n t s  y i e l d i n g  t h e  f i r s t  p r i n c i p a l  component  o f  Y, , 
Y2 , . . . ,  Yq . Aga i n ,  t h i s  would remove dependence  on a key 
c r i t e r i o n ,  y e t  i t  may g i v e  undue promi nence  t o  t h e  e a r l y  f a c t o r s  in t h e  
e x t r a c t i o n  p r o c e s s .
4) m u l t i p l e  r e g r e s s i o n /  c a n o n i c a l  c o r r e l a t e  w e i g h t i n g s
Given s p e c i f y i n g  v a r i a t e s  and a key c r i t e r i o n ,  one c o u l d  t a k e  
t h e  r e g r e s s i o n  w e i g h t s  o f  t h e  v a r i a t e s  on t h e  key c r i t e r i o n  as  t h o  FaM 
w e i g h t s .  I f  t h e r e  a r e  m u l t i p l e  key c r i t e r i a  a v a i l a b l e ,  one c o u l d  use  
t h e  w e i g h t s  g i v e n  by t h e  f i r s t  c a n o n i c a l  c o r r e l a t e  o f  t h e  s p e c i f y i n g  
v a r i a t e s  w i t h  t h e  key c r i t e r i a .
Both t h e  p r i n c i p a l  component s  and m u l t i p l e  r e g r e s s i o n /  c a n o n i c a l  
c o r r e l a t e  s u g g e s t i o n s  c o m p l i c a t e  t h e  m a t h e m a t i c s  o f  t h e  o r i g i n a l  
t e c h n i q u e  s i n c e  t h e s e  i n v o l v e  l e a s t - s q u a r e s  a n d / o r  e i g e n v e c t o r  
d e t e r m i n a t i o n s  a t  each  s t a g e  o f  t h e  p r o c e s s .  The r e p l i c a b i l i t y  o f  t he  
e s t i m a t e s  f o r  s t r u c t u r a l  p a r a m e t e r s  in  t h e  model may become more 
s e n s i t i v e  t o  random v a r i a b i l i t y  in  sample  d a t a  when u s i n g  t h e s e  
m a x i mi z a t i on  t e c h n i q u e s .  The r e a d e r  w i l l  have t o  d e c i d e  i f  any o f  
t h e s e  a l t e r n a t i v e  w e i g h t i n g  schemes would s e r v e  any p a r t i c u l a r  r e s e a r c h  
p u rp o s e s  b e t t e r  t h a n  t h e  o r i g i n a l  FaM w e i g h t i n g  t e c h n i q u e .
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G o o d n e s s - o f - F i t  f o r  F a c t o r i a l  Model ing
U n l i k e  LISREL, t h e r e  i s  no s t a t i s t i c a l  g o o d n e s s - o f - f i t  t e s t  
deve l op e d  a t  p r e s e n t  f o r  model s  f i t t e d  by FaM. Lohnes has  d i s c u s s e d  
some p o s s i b i l i t i e s  f o r  such a t e s t  ( Lohne s ,  19 8 3 ) .  Monte C a r l o  
e x p e r i me n t s  mi gh t  i n d i c a t e  which o f  t h e s e  r e p r e s e n t s  t h e  b e s t  t e s t  t o  
use i n  c o n j u n c t i o n  w i t h  FaM.
One s t a t i s t i c  which i s  p a r t i c u l a r l y  a p p e a l i n g  on i n t u i t i v e  
g rounds  i s  t h e  r o o t  mean s q u a r e  o f  t h e  d i s t i n c t  r e s i d u a l  c o r r e l a t i o n s . 
In m a t h e m a t i c a l  n o t a t i o n ,  we can w r i t e  t h i s  s t a t i s t i c  as  f o l l o w s :
where p i s  t h e  number o f  v a r i a t e s ,  and t t r ( r ? j )  i s  t h e  sum o f  t h e  
s q u a r e s  o f  t h e  r e s i d u a l  c o r r e l a t i o n s  above t h e  main d i a g o n a l  o f  t h e  
r e s i d u a l  c o r r e l a t i o n  m a t r i x .  Th i s  s t a t i s t i c  i s  a t t r a c t i v e  s i n c e  i t  i s  
c o m p l e t e l y  d e t e r m i n e d  by t h e  s qu a r ed  r e s i d u a l  c o r r e l a t i o n s ,  g i v i n g  us 
some measure  o f  how much o f  t h e  c o r r e l a t i o n s  i s  n o t  e x p l a i n e d  by o u r  
model .  Note t h a t  i f  we had a p e r f e c t  f i t  f o r  o u r  mode l ,  t h e n  RMS would 
equal  z e r o .  At  p r e s e n t  t h e r e  seems t o  be no d i s t r i b u t i o n  t h e o r y  
d eve l oped  f o r  t h i s  s t a t i s t i c .  We would n o t e ,  howeve r ,  i t s  s i m i l a r i t y  
t o  a s t a t i s t i c  t h a t  Lawiey s u g g e s t e d  in  1940 ( s e e  M o r r i s o n ,  1976)  as  a 
t e s t  s t a t i s t i c  f o r  a d i a g o n a l  c o v a r i a n c e  m a t r i x  f r om a m u l t i v a r i a t e  
normal p o p u l a t i o n .  Th i s  s t a t i s t i c  i s :
X 2 = <N -  1 -  (2p + 5 ) / 6 ) t t r ( r ? j )
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where N i s  t h e  number o f  s u b j e c t s  in  t h e  s amp l e ,  p i s  t h e  number  o f  
v a r i a t e s ,  and r , j  i s  t h e  i j t h  e n t r y  f rom t h e  sample  c o r r e l a t i o n  
m a t r i x .  L a w l e y ' s  s t a t i s t i c  i s  d i s t r i b u t e d  a p p r o x i m a t e l y  a s  a 
c h i - s q u a r e d  s t a t i s t i c  w i t h  p (p  -  l ) / 2  d e g r e e s  o f  f r eedom unde r  t h e  
a s s u m p t i o n  o f  a m u l t i v a r i a t e  normal  d i s t r i b u t i o n  f o r  t h e  v a r i a t e s  
i n v o l v e d .  Thi s  a p p r o x i m a t i o n  i s  b e s t  when t h e  sample  c o r r e l a t i o n s  a r e  
s m a l l .  Whi le i t  a p p e a r s  p o t e n t i a l l y  u s e f u l  w i t h  r e g a r d s  t o  FaM, we 
must  keep in  mind t h a t  RMS i n v o l v e s  t h e  r e s i d u a l  c o r r e l a t i o n  m a t r i x .
We do n o t  know what  a d j u s t m e n t s ,  i f  any ,  c ou l d  be made t o  L a w l e y ' s  
s t a t i s t i c  so t h a t  i t  would p r o v i d e  a c h i - s q u a r e d  g o o d n e s s - o f - f i t  t e s t  
f o r  FaM when r e s i d u a l  c o r r e l a t i o n s  a r e  u s ed .  One- c ou l d  t r y  r e p l a c i n g  p 
by (p -  n ) ,  where n i s  t h e  number o f  f a c t o r s ,  t o  a c c o u n t  f o r  t h e  
c o r r e l a t i o n  m a t r i x ' s  r a n k  b e i n g  r e d u c e d  in  r an k  f rom p t o  (p -  n ) ,  due 
t o  t h e  f a c t o r  e x t r a c t i o n  p r o c e s s .
Lohnes has  a l s o  s u g g e s t e d  t h a t  t h e  r e s i d u a l  c o r r e l a t i o n  m a t r i x  
be s e n t  t o  a p r i n c i p a l  component s  a n a l y s i s  ( Lo h n e s ,  1979) .  Such a 
p r o c e d u r e  would i n d i c a t e  t h e  s u f f i c i e n c y  o f  t h e  number o f  f a c t o r s  
p ro p o s ed  by t h e  model ,  as  we l l  as  p o i n t  t o  p o s s i b l e  d i r e c t i o n s  f o r  
s u b s e q u e n t  r e v i s i o n  o f  t h e  mode l .  Even t hough  t h e r e  i s  a t  p r e s e n t  no 
s t a t i s t i c a l  g o o d n e s s - o f - f i t  t e s t  f o r  F a c t o r i a l  Mode l i ng ,  we can see  
t h a t  t h e  r e s i d u a l  m a t r i x  Rn + , can s t i l l  g i v e  us some h e l p f u l  
i n f o r m a t i o n  r e g a r d i n g  how wel l  o u r  model f i t s  t h e  d a t a  by e x a mi n i ng  i t s  
o f f - d i a g o n a l  e n t r i e s .
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Summary
F a c t o r i a l  Mode l i ng  i s  a p a r a m e t e r  e s t i m a t i o n  and m o d e l - f i t t i n g  
t e c h n i q u e  a p p r o p r i a t e  f o r  s p e c i a l  t y p e s  o f  c a u s a l  mode l s :  s t a n d a r d i z e d
o r t h o g o n a l  f a c t o r  mo d e l s .  I t  a l l o w s  t h e  r e s e a r c h e r  t o  impose 
t h e o r e t i c a l  r e s t r i c t i o n s  on t h e  f a c t o r s  by r e q u i r i n g  s p e c i f y i n g
v a r i a t e s  f o r  each  f a c t o r  and a key c r i t e r i o n  v a r i a t e  f o r  o r i e n t i n g  t h e  
f a c t o r s .  The main o b j e c t i o n  t h a t  c o u l d  be r a i s e d  a b o u t  t h e  t e c h n i q u e  
i s  t h a t  i t  a l s o  r e q u i r e s  an o r d e r i n g  o f  t h e  f a c t o r s  f o r  e x t r a c t i o n .  
S t i l l ,  i t  seems much more a p p r o p r i a t e  f o r  p a r a m e t e r  e s t i m a t i o n  t h a n  t h e  
t e c h n i q u e s  o f  p r i n c i p a l  component s ,  t r a d i t i o n a l  f a c t o r  a n a l y s i s ,  o r  
c a n o n i c a l  c o r r e l a t e s .  These  t e c h n i q u e s  p l a c e  t h e  r e s e a r c h e r  a t  t h e  
mercy o f  t h e  p a r t i c u l a r  sample  c o r r e l a t i o n  m a t r i x  a t  hand w i t h  l i t t l e  
o p p o r t u n i t y  t o  p l a c e  any s e n s i b l e  r e s t r i c t i o n s  on t h e  f a c t o r s .  On t h e  
o t h e r  hand ,  by emp l o y i n g  t h e  more e l e m e n t a r y  l i n e a r  a l g e b r a i c  f a c t o r  
e x t r a c t i o n  t e c h n i q u e s  o f  Gut tman,  FaM i s  a much s i m p l e r  t e c h n i q u e  t o  
use  t h a n  t h e  e x p e n s i v e  and complex LISREL t e c h n i q u e s .  I f  t h e
r e s e a r c h e r  d i d  d e s i r e  t o  make use  o f  p r i n c i p a l  c omponen t s ,  f a c t o r
a n a l y s i s  o r  c a n o n i c a l  c o r r e l a t e s  f o r  more t h a n  e x p l o r a t o r y  p u r p o s e s ,  
t he  a l g o r i t h m  FaM i s  b a s ed  on i s  f l e x i b l e  enough t o  i n c o r p o r a t e  t h e s e  
t e c h n i q u e s  i n  t h e  w e i g h t i n g  scheme f o r  t h e  s p e c i f y i n g  v a r i a t e s .  We 
conc l ude  t h a t  F a c t o r i a l  Model ing  i s  an a l t e r n a t i v e  we l l  wor t h
c o n s i d e r i n g  f o r  f i t t i n g  s t a n d a r d i z e d  o r t h o g o n a l  f a c t o r  models  t o  sample  
d a t a  and we make use  o f  i t  in o u r  p r e s e n t  s t u d y .
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CHAPTER V 
RESULTS OF THE EXPLORATORY ANALYSIS
In  t h i s  c h a p t e r  we p r o v i d e  t h e  r e s u l t s  o f  t h e  a n a l y s i s  u s i n g  t h e  
f i r s t  subsample  o f  s t u d e n t s  (N = 134; 62 f e m a l e s  and 72 m a l e s ) .  We 
p r o v i d e  d e s c r i p t i v e  s t a t i s t i c s  on each o f  t h e  37 me a s u r e s  employed in  
t h e  s t u d y .  These s t a t i s t i c s  i n c l u d e  t h e  mean and s t a n d a r d  d e v i a t i o n  o f  
each measure  f o r  ma les  and f e m a l e s  ( T a b l e  7 ) ,  and t h e  c o v a r i a n c e s  and 
c o r r e l a t i o n s  o f  each  me asur e  w i t h  t h e  o t h e r s ,  a l s o  computed s e p a r a t e l y  
f o r  ma les  and f e m a l e s  ( T a b l e  8 ) .  Al l  o f  t h e s e  sample  s t a t i s t i c s  were  
computed by t h e  method o f  maximum l i k e l i h o o d .
Of p a r t i c u l a r  i m p o r t a n c e  i n  t h i s  s t u d y  was t h e  r e s u l t  o f  t h e  t e s t  
o f  t h e  n u l l  h y p o t h e s i s :
Ho :
where X f and d e n o t e  t h e  v a r i a n c e - c o v a r i a n c e  m a t r i x  o f  t h e
me asu r e s  f o r  f e m a l e s  and m a l e s ,  r e s p e c t i v e l y .  The t e s t  s t a t i s t i c  us ed  
in  t h i s  r e g a r d  was B o x ' s  M s t a t i s t i c ,  which has  a d i s t r i b u t i o n  which 
can be a p p r o x i m a t e d  a s  an F s t a t i s t i c  ( s e e  M o r r i s o n ,  1976 ) .  The 
v a r i a n c e - c o v a r i a n c e  m a t r i c e s  f o r  males  and f e m a l e s  were found  t o  be 
s i g n i f i c a n t l y  d i f f e r e n t  (p < . 0 0 0 1 ) .  Th i s  i n d i c a t e d  t h a t  s e p a r a t e






Al t hough  t h e  a s s u m p t i o n s  r e q u i r e d  f o r  a d i s c r i m i n a n t  a n a l y s i s  
were n o t  me t ,  we i n c l u d e  t h e  r e s u l t s  o f . t h i s  p r o c e d u r e  i n  Tab l e  9.  
Thi s  s e r v e s  two p u r p o s e s .  For  t h e  r e a d e r  who f e e l s  t h a t  d i s c r i m i n a n t  
a n a l y s i s  i s  r o b u s t  enough t o  w i t h s t a n d  a v i o l a t i o n  o f  t h e  a s s um p t i o n  o f  
equal  v a r i a n c e - c o v a r i a n c e  m a t r i c e s ,  t h i s  i n f o r m a t i o n  may p r ove  t o  be 
t h a t  o f  most  i n t e r e s t .  I t  a l s o  p r o v i d e s  a r e v i e w  o f  t h e  a b b r e v i a t i o n s  
used f o r  t h e  v a r i o u s  me a s u r e s  ( a s  d e s c r i b e d  in  T a b l e s  1-4  on p ages  
3 9 - 4 1 ) .
Next ,  we n o t e  what  e x p l o r a t o r y  t e c h n i q u e s ,  such as  p r i n c i p a l  
component  a n a l y s i s ,  c a n o n i c a l  c o r r e l a t e  a n a l y s i s ,  and t r a d i t i o n a l  
f a c t o r  a n a l y s i s ,  i n d i c a t e d  in t e rm s  o f  d e v e l o p i n g  s t a n d a r d i z e d  
o r t h o g o n a l  f a c t o r  mode l s  f o r  t h e  m e a s u r e s .  Here we were c o n c e r n ed  w i t h  
such t h i n g s  as  t h e  a p p r o p r i a t e  number o f  f a c t o r s  f o r  t h e  models  and 
d e t e r m i n i n g  s p e c i f y i n g  v a r i a t e s  f o r  e ac h  f a c t o r ,  i n  a n t i c i p a t i o n  o f  
p e r f o r m i n g  t h e  c o n f i r m a t o r y  a n a l y s i s  w i t h  F a c t o r i a l  Model ing  (FaM).
In  C h a p t e r  VI we d e s c r i b e  o u r  p r op os e d  f a c t o r  mo d e l s ,  t h e  r e s u l t s  
o f  t h e  p a r a m e t e r  e s t i m a t i o n  and c o n f i r m a t o r y  a n a l y s i s  w i t h  FaM, and t h e  
i n d i c a t i o n s  f o r  t h e  g o o d n e s s  o f  f i t  o f  o u r  mode l s .
On t h e  f o l l o w i n g  p a g e s ,  we g i v e  t h e  d e s c r i p t i v e  s t a t i s t i c s  f o r  
t h e  f i r s t  subsample  and t h e  r e s u l t s  o f  t h e  d i s c r i m i n a n t  a n a l y s i s  in  
Ta b l e s  7 - 9 .
Table 7. Means and standard devia tions fo r  f i r s t  subsample 105
DESCRIPTIVE S TATI S TI CS  FCF F I RS T SOBS AMPLE
FEMALES MALES















G E F T 2
GEFT3
HPT1


















L C I P
L C I N
5 5 4 . 6 8  
4 9 1 . 2 9  
2 6 .  15 
3 . 0 8  
1 3 . 6 1  
1 0 . 2 6  
1 5 . 6 0
1 3 . 7 4  
4 . 3 5
8 8 .  06 
6 3 . 3 5  
7 C . 5 8  
5 7 .  69
1 7 . 7 4  
6 . 2 9  
7 . 8 9
1 0 7 . 6 0
1 0 9 . 3 4





1 0 .  33 
66 . 2 4
5 6 . 0 5  
5 . 9 7
3 3 . 1 9  
3 6 .  02
2 1 . 3 8
2 2 . 3 8  
2 2 .  80  
2 3 . 5 6  
2 6 .  95  
2 6 . 4 9
2 0 . 0 5  
2 1 . 3 5
5 .  17 
5 . 1 4
6 2 . 2 6
6 9 . 0 4  
5 . 7 1  
3 . 7 3
5 . 2 4
1 4 . 2 0  
2 4 . 4 8
4 . 4 2  
2 . 8 1  
1 2 . 4 0  
2 4 . 1  5
2 8 . 0 5  
3 0 . 1 5
8 . 2 4
2 . 2 5  
1 . 7 2
1 7 . 9 8
1 8 . 2 1
4 . 4 7
4 . 2  6 
1 1 . 6 8
3 . 0 9  
1 1 . 2 4  
1 0 . 9 7  
2 . 9 6  
9 . 0 8  
8 . 6 7  
4 . 0 7  
5 . 5  6
5 . 7 5
5 . 2 2  
3 . 6 1
4 . 2 2  
5 . 2 9  
5 . 9 6  
1 . 5 3
2 . 0 3
5 8 0 . 8 3  
4 9 8 . 4 7  
2 5 . 8 3  
3 .  86  
1 5 . 7  2
1 3 . 0 6  
4 6 .  11 
1 5 . 8 9
5 . 4 7  
9 1 .  26  
7 8 . 3 3
8 2 . 2 5
7 3 . 7  2
2 1 . 2 6  
6 . 7 6  
8 . 10
1 1 1 . 9 2  
1 1 3 . 1 7  
3 . 0 1  
5 .  15 
9 . 2 5  
1 0 .  35  
5 9 . 8 2  
5 3 .  13  
7 . 0 7  
3 4 . 1 6  
3 7 . 6 5  
2 2 . 6 3  
2 3 . 2 8  
2 5 . 7 3  
2 5 . 5 5  
2 5 . 7 9  
2 5 .  19 
2 1 . 2 1  
2 2 .  71 
5 . 8 8  
5 . 3 5
7 6 . 7 0
7 6 . 3 5
6 . 1 1
3 . 8 7
5 .  19
9 . 8 7  
3 3 . 2 0
4 . 0 6  
2 . 6 0  
7 . 4 7  
1 5 .  85  
1 3 . 5 8  
21 . 5 7
6 .  92  
1 . 8 9
1 . 3 5  
1 6 . 8 8  
1 6 . 1 8
4 . 5 0
4 . 3 5  
2 . 9 9  
3 . 2 7
1 5 . 7 5
1 4 . 5 6
3 .  1 8 
8 . 3 2  
8 . 3 7
4 .  39  
4 . 9 0  
3 . 7 1  
4 . 7 0  
4 .  06 
4 .  08  
3 . 3 9  
4 . 3 0  
1.  58  
1 . 6 8
Tabl e  8. Covar i ances  and c o r r e l a t i o n s  f o r  f i r s t  subsample
,LARIATS: QSAT ( N = 134;  6 2  FEMAL ES AND 72 MALES)
C O V AR TAFCES COEEEIATICNS
7APTATF FFMALES HALES FEMALES • MALES
QS  AT 38 7 6 . 5 1 5 8 8 2  . 6 4 1.  0 0 0 1 . 0 0 0
VS AT 1 2 7 7 . 8 4 1 7 7 6 . 2 7 0 . 2 9 7 0 . 3 0 3
IT? PC 7 8 .  35 2 9 . 4 4 0 .  2 2 0 0 . 0 6 3
HSCA 5 5 .  43 8 9 .  8 4 0 .  2 3 9 0 . 3 0 3
HSPS 1 4 . 7 1 64  . 6 8 0 . 0 4 5 0 . 1 6 3
PC'5'! A 1 57 .  18 1 1 4 . 6 8 0 .  178 0 .  152
pop 5 2 8 6 . 0  8 5 7 8 . 1 0 0 .  188 0 .  2 2 7
ALG 1 2 5 . 4 0 1 3 5 . 9  3 0 . 4 5 6 0 . 4 3 6
TPTG 5 0 .  11 6 0 . 5  8 0 . 2 8 6 0 . 3 0 3
TJNT Tl 3 9 2 .  12 1 7 6 . 8 6 0 . 5 0 8 0 .  3 0 9
UNIT 2 8 4 4 . 4 7 6 0 3 . 0 6 0 .  5 6 2 0 . 4 9 6
ONTT3 7 2 0 . 3  5 2 6 8  . 2 6 0 . 4 1 2 0 . 2 5 8
UNTT4 7 9 9 . 9 8 4 6 9 . 2 6 0 .  4 2 6 0 . 2 8 4
FINAL 2 2 5 . 5 6 2 4 8 . 9 5 0.  440 0 . 4 6 9
GEFT2 7 4 . 4 5 - 0  . 6 4 n . 5 3 2 - 0 . 0 0 4
GEFT3 4 7 . 6 2 - 0 . 3 6 0 .  4 4 4 - 0 . 0 0 3
KPT1 3 0 6 . 4 0 1 5 4 . 9 3 0 .  2 7 4 0 . 1 2 0
HPT2 3 1 9 . 3 8 1 46  .1 1 0 . 2 8 2 0 .  118
NS 1 7 9 . 2 1 7 4 . 0 2 0 . 2 8 4 0 . 2 1 5
NS2 9 7 . 2 8 6 5 .  98 0 .  3 6 6 0 . 1 9 8
P? 1 2 9 . 8 4 6°  . 62 0 . 0 4 1 0 . 3 0 4
DP2 103 .  37 9 0 . 1  6 0 .  5 3 7 0 . 3 6 0
CP 1 4 5 .  80 3 7 . 6 5 0 .  0 6 5 0 . 0 7 3
CF2 5 5 . 4 2 1 01 . 1 5 0 . 0 8 1 0 . 0 9 1
PS VR 8 2 . 0 9 6 6 . 3 3 0 .  4 4 6 0 . 2 7 2
AT. KP 1 8 6 . 6 0 2 4 3 . 9 3 0 .  330 0 . 3 8 3
ATKH 2 2 6 . 1 7 2 72 .1 7 0 . 4 1 9 0 .  4 2 4
CLM? 1 0 8 . 5 1 8 5 . 2 2 0 . 4 2 8 0 . 2 5 3
C.LMN 1 7 8 . 0 9 156 . 16 0 .  514 0 . 4 1 5
PUMP 1 1 3 . 0 6 7 9 . 2 4 0 .  3 16 0 . 2 7 8
PTI^N 1 0 2 . 7 0 40 . 1 1 0 . 3 1 6 0 . 1 1 3
SMDP 2 8 .  1 6 - 6 0 . 4 0 0 .  125 - 0 . 1 9 4
SMDU 5 7 . 6  9 - 1 3 . 1 2 0 . 2 1 9 - 0 . 0 5 8
FFMP 1 1 0 . 7 5 1 0 7 .  18 0 .  3 37 0 . 4 1 2
PPM 1 1 6 .  95 80 . 0 9 0 .  3 15 0 .  2 4 3
LCIP 3 2 .  34 - 9 . 5 5 0 .  3 4 0 - 0 . 0 7 9
LCTN 6 5 . 8 2 5 . 5 1 0 .  521 0.  0 43
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VARI ATE:  VSAT fN = 1 3 4 ;  6 2  FEMALES AND 7 2  MAIES)
COVARIANCES CORRELATIONS
fARIATE FEMALES MALES FEMALES MALES
OS AT 1 2 7 7 . 8 4 1 7 7 6 . 2 7 0 .  2 9 7 0 . 3 0 3
VS AT 4 7 6 6 . 0 3 5 8 2 9  . 61 1 . 0 0 0 1 . 0 0 0
HSPC - 1 4 . 8 6 - 9 4 . 5 6 - 0 . 0 3 8 - 0 . 2 0 3
HSCA 4 0 .  70 3 7 .  9 8 0 . 1 5 8 0 . 1 2 9
HSPS 6 4 . 2 1 1 0 . 6 9 0 .  178 0 . 0 2 7
ROM A 5 3.  86 - 1 3 . 3 9 0 . 0 5 5 - 0 . 0 1 8
POPS 1 2 0 . 8 4 - 1 3 . 1 6 0 .  0 71 - 0 .  0 2 9
ALG 3 2 . 7 5 35  . 6 6 0 .  107 0 .  1 1 5
TRIO 2 5 . 1 0 2 6 . 4 2 0 . 1 3 0 0 . 1 3 3
u n t t i 1 4 3 . 3 0 - 2 . 5 1 0 .  1 6 7 - 0 . 0 0 4
ON IT 2 2 1 9 . 8 6 2 0 . 9 3 0 .  132 0 . 0 1 7
UNIT 3 6 6 . 5 1 -  1 3 . 7 8 0 . 0 3 4 - 0 . 0 1 3
UNTT4 - 1 4 3 . 9 6 1 3 1 . 3 8 - 0 . 0 6 9 0 . 0 8 0
FINAL 1 1 9 . 3 6 5 0 . 9 6 0 . 2 1 0 0 . 0 9 6
r;EFT2 1 3 . 9 8 1 0 . 4 7 0 .  0 9 0 0 . 0 7 3
9EFT3 - 3 . 0 8 1 4 . 4 5 - 0 . 0 2 6 0 .  141
HPT1 1 . 6 5 - 1 2 6 . 5 2 0 .  001 - 0 . 0 9 8
HPT 2 5 4 . 4 0 6 . 5  0 0 . 0 4 3 0 . 0 0 5
' NS 1 6 2 . 0 3 1 2 0 . 9 9 0 . 2 0 1 0 . 3 5 2
NS2 9 4 . 7 5 6 1 .  90 0 .  3 2 2 0 . 1 8 6
DEI - 6 7 . 1 8 9 5 . 0  0 - 0 .  0 8 3 0 . 4 1 6
DR 2 5 0 .  86 56 . 3 3 0 .  2 3 8 0 . 2 2 6
CR1 16 6 .  14 - 2 1 9 . 5 8 0 . 2 1 4 - 0 . 1 8 3
CR2 - 1 4 . 4 2 - 1  3 6 . 8 9 - 0 . 0 1 9 - 0 . 1 2 3
V S  VR 4 3 . 5  9 3 9 . 1  3 0 . 2 1 4 0 .  161
AIK? - 8 5 . 5 3 - 6 6 . 2 6 - 0 . 1 3 6 - 0 . 1 0 4
AIKN - 1 0 2 .  13 4 1 . 9 2 - 0 .  171 0.  0 6 6
CL HP 1 . 0 6 2 9  . 7 0 0 .  0 0 4 0 . 0 8 9
CT.NN - 2 3 . 1 9 98 . 2  9 - 0 . 0 6 0 0 . 2 3 6
POMP - 6 2 . 2 9 - 1 5 . 0 1 - 0 .  1 5 7 - 0 . 0 5 3
PTJMN - 5 9 . 4  6 - 2 1 . 4 4 - 0 .  165 - 0 . 0 6 0
SMD? - 1 2 . 2 3 - 3 0 . 4 2 - 0 . 0 4 9 - 0 . 0 9 8
SMDN 0 . 0 5 5 7 . 4 6 0 .  0 0 0 0 . 1 8 4
EFMP - 5 9 . 4 1 5 .  10 - 0 .  1 63 0.  0 2 0
EFMN - 8 2 . 3 7 11 . 7 1 - 0 . 2 0 0 0 . 0 3 6
LCI? - 1 1 . 7 9 - 1 4 . 5 3 - 0 .  112 - 0 .  1 2 0
LCIN 5 6 .  19 - 1 7 . 7 7 0 .  401 - 0 . 1 3 9
1 0 8
VAF.TAT E: HSPC (N = 1 3 4 ;  6 2  F E M A L E S  AND 7 2  M A I E S )
COV AFIANCES CORRELATIONS




































L C T ?
LCTN
7 8 .  35  
- 1 4 . 8 6
3 2 . 5 8
6 . 8 9  
2 .  19
4 .  51 
0 . 1 9
8 . 3 3  
2 . 6 1
2 2 . 2  6 
5 6 .  32
6 4 . 0 4  
6 4 .  11
1 2 . 6 5
1 . 0 7  
- 0 . 1 8
2 2 . 6 7
4 . 6 1
1 . 9 7  
- 1 . 3 6
9 . 4 3  
- 0 . 4 0  
- 5 . 4 4
4 . 5 3  
0 . 3 1  
14.  7 7  
1 3 . 2 8  
6 . 1 1
3 . 2 8
1 0 . 0 3
1 1 . 4 7
1 . 0 6
6 . 1 4
7 . 4 8
1 1 . 7 2
2 . 2 5
0 . 3 4
2 9 . 4 4  
- 9 4 . 5 6
3 7 . 3  9
2 . 1 7
5 . 4 7  
- 1 2  . 3 8
1 3 . 3 2  
4 . 9 0  
- 0 . 0 2
9 . 3 4
1 3 . 5 1  
1 3 .  10
3 7 . 2  2 
12 . 0 3
1.  53  
- 0 . 0 1
4 . 0 1
9 . 3 3  
- 2 . 0 7  
- 2  . 0 4
5 .  1 8 
1 . 6 8  
- 6  . 2 7  
- 5 .  4 4  
0 . 3 0
1 5 . 4 2
7 . 9 7
4 . 7 5
5 . 1 6  
0 . 1 6  
- 4 . 0  2 
- 3 . 9 3  
- 4 . 5 3  
4 . 2  3
1 . 1 4
2 . 2 8  
- 1  . 7 5
0 . 2 2 0  
■0. 0 3 8  
1 . 0 0 0  
0 . 3 2 4  
0 .  0 7 3  
0 . 0 5 6  
0 . 001 
0.  330  
0 .  163  
0 . 3 1 4  
0 . 4 1 2  
0 . 4 0 0  
0 . 3 7 3  
0 . 2 6 9  
0 .  084  
■ 0 . 0 1 8  
0 . 2 2 1  
0 .  0 4 4  
0 . 0 7 7  
■ 0 . 0 5 6  
0 .  141  
• 0 . 0 2 3  
■ 0 . 0 8 5  
0 .  0 7 2  
0 .  0 1 8  
0 . 2 8 5  
0 . 2 6 8  
0 .  2 6 3  
0 .  261  
0 . 3 0 5  
0 .  3 8 5  
0 .  0 5 2  
0 . 2 5 5  
0 . 2 4 8  
0 . 3 4 5  
0 . 2 5 8  
0 . 0 2 9
0 . 0 6 3  
- 0 . 2 0 3  
1 . 0 0 0  
0 . 0 9 2  
0 . 1 7 2  
- 0 .  2 0 5  
0 . 0 6 6  
C . 1 9 7  
- 0 . 0 0 1  
0 . 2 1 5  
0 .  139  
0 .  158  
0 . 2 8 2  
0 . 2 8 4  
0 .  1 32  
- C .  001  
0 . 0 3 9  
0 . 0 9 9  
- C . 0 7 5  
- 0 . 0 7 7  
0 . 2 8 3  
0 . 0 8 4  
- 0 . 0 6 5  
- 0 .  0 6 1  
0 .  016  
0 . 3 0 3  
0 . 1 5 6  
0 . 1 7 7  
0 .  1 72  
0 . 0 0 7  
- C . 1 4 0  
- 0 . 1 5 8  
- 0 . 1 8 1  
0 . 2 0 7  
0 . 0 4 3  
0 . 2 3 6  
- 0 . 1 7 1
VARIATE: HSCA [ n  =  1 34 ;  6 2 FEMALES AND 72 MALES)
COVARIANCES CORRELATIC NS
VARTATE FEMALES MALES FEMALES MALES
OS AT 5 5 . 4 3 8 9 . 8 4 0 .  2 3 9 C . 3 0 3
VS AT 4 0 . 7 0 3 7 . 9  3 0 .  158 0 . 1 2 9
HSPC 6 . 8 9 2 .  17 0 .  3 2 4 0 . 0 9 2
HSCA 1 3 . 8 8 1 4 . 9 5 1 .  0 0 0 1 . 0 0 0
HSPS 0 . 8 1 3 . 2 7 0 . 0 4 1 0 . 1 6 3
ROMA 6 . 0 1 1 0 . 2 6 0 . 1 1 4 0 . 2 6 9
RQPS - 8 . 8 9 39 . 2 9 ' - 0 . 0 9 7 0 . 3 0 6
ALO 6 . 1 7 4 . 2 8 0 . 3  75 0 . 2 7 2
TRIO 1 . 9 1 1 . 5 9 0 .  182 0 .  1 5 8
HNIT1 11.  22 8 . 7 3 0 .  2 4 3 0 .  3 0 2
UNTT2 2 8 . 1 5 1 8 . 6 2 0 . 3 1 3 0 . 3 0 4
TIN IT 3 1 7 . 1 6 1 0 . 0 9 0 .  164 0 .  1 9 2
HNT T4 2 7 . 7 5 3 1 . 2  7 0 .  2 4 7 0 . 3 7 5
FINAL 1 0 . 2 8 11 . 7 3 0 .  3 3 5 C . 4 3 8
OEFT2 0 . 2 7 0 . 0 9 0 . 0 3 2 0 . 0 1 3
GEFT3 - 0 . 0 6 - 0 . 1  4 - 0 . 0 0 9 - 0 . 0 2 7
tJDT 1 - 1 . 6 1 - 5 . 3 7 - 0 . 0 2 4 - 0 .  0 8 2
HPT2 4 . 4 9 - 4  . 3 1 0 . 0 6 6 - 0 . 0 6 9
NS1 2 . 2 8 4 , 7 5 0 .  137 0 . 2 7 3
NS2 - 1 . 5 8 3 .  73 - 0 .  100 0 . 2 2 1
DP 1 - 4 . 4 0 2 . 3 3 - 0 . 1 0 1 0 . 2 0 2
DP2 0 . 8 2 - 0 . 4 0 0 . 0 7 1 - 0 . 0 3 2
CR 1 - 0 . 5 2 - 0 . 4 8 - 0 . 0 1 2 - 0 .  0 0 8
CR2 1 . 3 2 - 7 . 0 5 0 . 0 3 2 - 0 . 1 2 5
PS VP 2 . 0 2 0 . 1 3 0 . 1 8 3 0 . 0 1  1
AT KP 1 3 . 2 9 8 . 8  1 0 .  3 9 3 0 . 2 7 4
AIKN 1 2 . 5 5 4 . 51 0 .  38 9 0 .  1 39
CLMP 7 . 1 7 3 . 6 4 0 . 4 7 2 0 . 2 1 4
CLMN 9 . 5 1 0 . 1 1 0 .  4 5 9 0 . 0 0 6
PUMP 7.  42 1 . 8 8 0 .  346 0 .  131
PHMN 5 . 5 2 - 0 . 8 7 0 . 2 8 4 - 0 . 0 4 8
SM DP 2 . 4 1 - 2  . 5 5 0 . 1 V 9 - 0 . 1 6 3
SMDN 1 . 3 6 - 2 . 7 2 0 .  118 - 0 .  1 72
EFHP 5 . 6 8 4 . 5 7 0 .  2 8 9 0 . 3 4 9
EFMN 5.  22 2 . 2  5 0 . 2 3 5 0 .  1 3 5
LCTP 0 .  38 0 . 0 5 0 .  155 0 . 0 0 8
LCTN 0 . 4 4 - 0 . 4  9 0 .  0 5 8 - C . 0 7 6
VART AT S :  F S P S  (N =  1 3 4 ;  6 2  F E M A L E S  AND 72  MALES)
COVARIANCES CORRELATIONS
/ART ATE FEMALES MALES FEMALES MALES
OS AT 1 4 . 7 1 6 4 . 6 8 0 . 0 4 5 0 . 1 6 3
VS AT 6 4 . 2 1 1 0 .  6 9 0 .  1 78 0 . 0 2 7
HSPC 2 . 1 9 5 . 4 7 0 . 0 7 3 0 . 1 7 2
HSCA 0 . B 1 3 . 2 7 0 . 0 4 1 0 . 1 6 3
HSPS 2 7 . 4 3 2 6 . 9 0 1.  0 0 0 1 . 0 0 0
RQMA S . 01 1 2 . 9 0 0 . 0 7 9 0 . 2 5 2
RQPS 3 4 . 6 5 2 6 . 6 1 0 .  2 70 0 .  1 5 5
ALG 4 . 7 5 2 . 0 7 0 . 2 0 6 0 . 0 9 8
TRIG 4 . 2 0 3 . 3 8 0 . 2 3 5 0 . 2 5 0
IINTT1 5 . 2 3 2 . 6 4 0 . 0 8 1 0 . 0 6 8
fJNI T2 2 7 . 7 0 1 3 . 9 5 0 . 2 1 9 0 . 1 7 0
TJNIT3 2 7 .  56 1 3 . 1 0 0 .  1 8 8 0 . 1 8 6
UN IT 4 2 0 . 9 0 2 7 . 8 0 0 .  132 0 . 2 4 9
FINAL 5 . 7 1 6 .  03 0 .  132 0 . 1 6 8
GEFT2 - 0 . 0  8 0 . 6 6 - 0 . 0 0 7 0 . 0 6 7
GEFT3 0 .  17 - 0 . 1 7 0 . 0 1 8 - 0 . 0 2 4
HPT1 8 . 8 6 2 7 . 9 6 0 . 0 9 4 0 . 3 1 9
HPT2 8 . 2 1 1 8 . 0 9 . 0 . 0 8 6 0 . 2 1 6
NS 1 - 4 . 0 0 - 2 . 2  0 - 0 . 1 7 1 - 0 . 0 9 4
NS 2 - 1 . 6 3 3 . 7 4 - 0 . 0 7 3 0 . 1 6 5
DRl 8.  82 2 . 9 6 0 .  144 0 . 1 9 1
DR 2 - 0 . 7 3 - 1  . 6 0 - 0 . 0 4 5 - 0 . 0 9 4
CR1 1 1 . 7 2 1 6 . 0 1 0 . 1 9 9 0 . 1 9 6
CF.2 5 . 9 5 8 . 1 3 0 .  104 0 . 1 0 8
PSVR 0 . 4 4 0 . 7 4 0 .  0 2 8 0 . 0 4 5
AIK? 5 . 4 4 6 . 0 2 0 .  114 0 . 1 4 0
ATKN 2 . 7 6 2 . 0 3 0 .  06 1 0 . 0 4 7
CLMP 2.  31 4 . 0 7 0 .  108 0 .  1 7 9
CLMN 4 . 4 8 0 . 8 2 0 .  154 0 . 0 3 2
UUMP 0 . 2 3 4 . 3 5 0 .  0 0 7 0 . 2 2 6
PIJMM - 0 . 2 1 5 .  3 9 - 0 . 0 0 8 0 . 2 2 1
SMD? - 1 .  92 - 3 . 0 3 - 0 .  101 - 0 . 1 4 4
SM DN - 2 . 1 3 - 0 . 6 5 - 0 . 0 9 6 - 0 . 0 3 1
EFHP 1. 55 5 . 4 8 0 .  0 5 6 0 . 3 1 2
EFMN 0 . 2 0 2 . 4 9 0 .  0 0 6 0 . 1 1 2
LCIP - 0 . 1 8 0 . 9 1 - 0 . 0 2 3 0.  11 1
LCIN 0 . 2 2 1 . 4 4 0 . 0 2 1 0 . 1 6 6
I l l
V ART AT E:  ROMA fN =  1 3 4 ;  6 2  F E M A L E S  AND 7 2  MALES)
COVARIANCES CORRELATIONS
7 ARIATE FEMALES MALES FEMALES MALES
QSAT 1 5 7 . 1 8 1 1 4 . 6 8 0 .  178 0 . 1 5 2
VS AT 5 3 . 8 6 - 1 3  . 3  9 0 . 0 5 5 - 0 . 0 1 8
HSPC 4 . 5 1 - 1 2 . 3 8 0 . 0 5 6 - 0 . 2 0 5
HSCA 6 . 0 1 1 0 . 2 6 0 . 1 1 4 0 . 2 6 9
HSPS 5 . 9 1 12 . 9 0 0 . 0 7 9 0 . 2 5 2
ROMA 2 0 1 .  61 9 7 . 3 3 1 . 0 0 0 1 . 0 0 0
RQPS 6 9 . 0 4 96 . 3 3 0 .  199 0 . 2 9 4
ALG 1 4 . 7 8 - 2 . 3  8 0 . 2 3 6 - 0 . 0 5 9
TRIG 4 . 8 1 - 1  . 5 0 0 . 1 2 1 - 0 . 0 5 8
TJNTT1 3 0 .  69 - 9 . 5  0 0 .  1 7 4 - 0 . 1 2 9
UN IT 2 1 0 4 . 0 4 5 . 0 9 0 .  303 0 . 0 3 3
UNIT 3 1 0 0 . 3 0 1 7 . 5 7 0 . 2 5 2 0 . 1 3 1
UNIT4 1 0 7 . 0 2 2 8 . 6 8 0 .  2 50 0 . 1 3 5
FTNAL 3 3 . 2 3 6 . 0 5 0 .  2 8 4 0 . 0 8 9
GEE72 2 . 2 5 - 1  . 6 4 0 . 0 7 0 - 0 . 0 8 8
GEET3 1 . 0 9 - 2 . 0 5 0 .  0 4 5 - 0 . 1 5 4
HPT1 3 . 4 9 - 1 6 . 3 0 ' 0 . 0 1 4 - 0 . 0 9 8
HPT 2 - 5 . 6 0 -  1 7 . 2 3 - 0 . 0 2 2 - 0 . 1 0 8
NS 1 - 9 . 3 0 0 . 3 2 T 0 .  146 0 . 0 0 7
NS2 0 . 2 1 4 .  01 0 .  0 0 3 0 . 0 9 3
DR 1 - 8 . 1 5 1 . 5 0 - 0 . 0 4 9 0 . 0 5 1
DR 2 5 . 2  7 0 . 7 0 0 .  120 0 . 0 2 2
CR1 8 . 9 4 2 2 . 3 0 0 .  056 0 .  144
CR2 - 3 0 . 8 8 2 0 . 3  7 - 0 . 1 9 8 0 . 1 4 2
PS VR 2.  33 - 0 . 0 7 ' 0 . 0 5 6 - 0 . 0 0 2
ATKP 6 0 .  24 1 9 . 9 1 0 .  4 6 7 0 . 2 4 3
ATKN 5 4 . 3 9 1 2 . 9 5 0 .  4 42 0 . 1 5 7
CLMP 2 5 . 4 9 1 0 . 8 0 0 .  44 1 0 . 2 5 0
CLMN 3 1 . 8 8 3 . 0 5 0 .  4 0 4 0 . 0 6 3
PUMP 2 7 .  6 5 1 6 . 6 8 0 .  3 3 9 0 . 4 5 6
PUMN 2 7 . 7 3 1 9 . 2 8 0 . 3 7 4 0 . 4 1 6
SHOP 5 . 3 4 3 . 0 3 0 .  104 0 . 0 7 6
SMDN 10.  56 1 . 0 6 0 .  176 C. 0 2 6
FFM? 2 2 .  30 1 0 . 8 4 0 .  2 9 7 0 . 3 2 4
EFMN 2 6 . 9 1 8 . 7 1 0 . 3 1 8 0 . 2 0 5
LCIP 2.  30 - 3 . 2 2 0 .  106 - 0 .  2 0 7
LC IN - 9 . 2 5 0 . 0 9 - 0 . 3 2 1 0 . 0 0 6
112
VA E T A T E:  P O P S  ( N = 1 3 U : 6 2  F E M A L E S  AND 7 2  MAXES)
COVARIANCES CORRELATIONS
rAETATE FEMALES n AI, ES FEMALES MALES
QSAT 2 8 6 . 0 8 5 7 8 . 1 0 0 .  1 88 0 . 2 2 7
VS AT 1 2 0 .  84 - 7 3 . 1 6 0 .  0 71 - 0 . 0 2 9
HSPC 0 .  19 13 . 3 2 0 . 0 0 1 0 . 0 6 6
HSCA - 8 . 8 9 3 9 . 2 8 - 0 . 0 9 7 0 . 3 0 6
HSPS 3 4 .  6 5 2 6 . 6 1 0 .  2 7 0 0 . 1 5 5
RQN A 6 9 . 0 4 96 .3 3 0 .  1 9 9 0 . 2 9 4
RQPS 5 9 9 . 4 0 1 1 0 2 . 1 5 1 . 0 0 0 1 . 0 0 0
ALG 1 4 . 6 7 1 6 .  08 0 .  1 3 6 0 .  119
TRIG 1 9 . 0 5 1 7 . 9 1 0 .  2 8 8 0 . 2 0 7
TJNTT1 2 5 . 9 0 90  . 8 2 0 .  0 8 5 0 . 3 6 6
IJNTT2 9 2 . 0 6 74 . 9 8 0 .  156 0 .  1 4 3
UNIT3 4 8 . 8 6 9 7 . 3 9 0 .  0 71 0 . 2 1 6
UNIT 4 - 1 3 . 5 4 2 5 1 . 1 4 - 0 . 0 1 8 0 . 3 5 1
FTNAL 4 8 . 2 3 81 . 0 8 0 . 2 3 9 0 . 3 5 3
GEFT2 12.  33 5 . 4  3 0 .  2 2 4 0 . 0 8 7
GEFT3 6 . 9 7 0 . 8 4 0 .  1 6 5 0 . 0 1 9
HPT 1 7 4 . 3 4 4 7  . 31 0 .  169 0 . 0  8 5
HP ^ 2 6 7 . 1 9 5 2 . 5 5 0 .  151 0 . 0 9 8
NS 1 - 0 . 3 9 - 8 . 8 8 - 0 . 0 0 4 - 0 . 0 5 9
NS2 1 . 1 9 4 . 61 0 . 0 1 1 0 . 0 3 2
DP 1 - 3 0 . 4 7 8 . 8 5 - 0 . 1 0 7 0 . 0 8 9
DR2 7 . 5 8 1 5 . 6 5 0 .  100 0 . 1 4 4
CR 1 -  1 9 . 6 1 1 5 6 . 4 9 - 0 . 0 7 1 0 . 2 9 9
CP2 - 4 8 . 7 5 7 5 . 6 7 - 0 . 1 8 2 0 . 1 5 7
PS VR 20.  42 2 6 . 5 8 0 .  2 8 2 0 . 2 5 2
AIKP - 3 3 . 3 9 34 . 9 3 - 0 . 1 5 0 0 .  127
AIKN - 1 . 3 2 1 9 . 6 2 - 0 . 0 0 6 0 . 0 7 1
CL HP - 2 .  84 3 . 9  2 - 0 . 0 2 8 G. 0 2 7
CLMN - 8 . 7 5 8 . 2 6 - 0 . 0 6 4 0 . 0 5 1
PUMP 2 8 . 6 7 5 6 . 1 6 0 . 2 0 4 0 . 4 5 6
PTINN 2 7 . 9 7 6 1 . 3 9 0 .  2 1 9 0 . 3 9 3
SMDP - 1 5 . 7 4 6 . 0 6 - 0 . 1 7 8 0.  0 4 5
SMDN - p . 5 0 10 . 1 6 - 0 . 0 9 2 0 . 0 7 5
EFHP • 1 7 . 4 3 3 0 . 8 0 0 .  135 0 . 2 7 4
EFMN 2 8 . 4 7 4 1 . 6 3 0 .  1 9 5 0.  2 9 2
LCI ? - 5 . 7 0 0 . 5 9 - 0 . 1 5 3 0 . 0 1  1
LCIN 6 . 0 1 - 4 . 1 5 0 .  121 - 0 . 0 7 4
V A E T A T E :  AT.G fN = 1 3 4 ;  6 2  F E WA L E S  AND 7 2  WALES)
COVARIANCES CORRELATIONS






































1 2 5 .  40
3 2 . 7 5  
8.  33
6 .  17
4 . 7 5  
1 4 . 7 8
1 4 . 6 7
19 .  51
6 . 4 0
3 0 .  60
6 7 . 3 0
7 1 . 9 4
7 5 . 3 1
2 1 .  98
2 . 9 6  
1 . 7 9
1 3 . 8 2
1 7 . 8 6
2 . 6 1
2 . 3 1  
- 3 .  13
3 . 8 4
9 . 2 6
9 . 4 5
1 . 7 7
2 0 .  59  
1 2 . 7 7
3 . 7 3
1 0 . 7 3
1 1 . 0 7
9 . 3 0  
3 . 9 8  
4 . 2 9
1 0 . 0 2  
1 0 . 3 3
1 . 3 3
2 . 7 7
1 3 5 . 9 3
3 5 . 6  6
4 . 9 0
4 . 2 3
2 . 0 7
- 2  . 3  8 
16 .  0 8
1 6 . 4 9
5 . 6 4
1 2 . 7 7
3 0 . 0 4  
16 . 4 2  
41 . 0 8
1 4 . 2 7  
- 0 . 2 5  
- 0 . 6 1
1 2 . 1 6
7 . 3 1
3 . 5 8
2 .2 7
3 . 4 6
3 . 0 6
- 4 . 3 1  
-  1 4 . 1 5  
- 0 . 9 6  
9 . 4 9
8 . 9 3  
1 . 5 2
3 . 4  9
1 . 2 4
1 . 7 0  
1 . 0 0  
0 . 9 0
3 . 8 7  
0 . 4  3 
0 . 5 5  
0 . 3 5
0 .  4 5 6  
0 .  1 07  
0 .  3 3 0  
0 .  37 5  
0 . 2 0 6  
0 . 2 3 6
0 .  136
1. 000 
0 . 5 1 5  
0 .  5 5 8  
0 .  631  
0 . 5 8 1  
0 . 5 6 9  
0 .  6 0 4  
0 .  2 9 9  
0 . 2 3 6  
0 .  174  
0 . 222  
0 .  132  
0 .  123
- 0 .  061  
0 .  281  
0 .  186  
0 . 1 9 5  
0 .  1 3 5  
0 . 5 1 3  
0 .  334  
0 .  4 8 5  
0 . 4 3 7  
0 . 4 3 6  
0 .  4 0 3  
0 . 2 4 9  
0 . 2 3 0  
0 .  4 2 9  
0 .  39 2 
0 . 2 7 1  
0 .  3 0 9
0.  4 3 6  
0 . 1  15 
0 . 1 9 7  
0 . 2 7 2  
0 . 0 9 8  
- 0 . 0 5 9  
0 .  1 1 9
1 . 0 0 0  
0 . 5 3 3  
0 . 4 2 1  
0 . 4 6 7  
0 .  2 9 8  
0 . 4 6 9  
C . 5 0 8  
- 0 . 0 3 2  
- 0 . 1 1 2  
0 .  1 7 7  
0 .  111 
0 . 1 9 6  
0 .  1 2 8  
0 .  2 8 5  
0 . 2 3 1  
- 0 . 0 6 7  
- 0 . 2 3 9  
- C . 0 7 5  
0 . 2 8 1  
0 . 2 6 4  
0 . 0 8 5  
0.  1 75  
0 . 0 8 2  
0 . 0 8 9  
0 . 0 6 1  
0 . 0 5 4  
0 . 2  81 
0 . 0 2 7  
0 . 0 8 6  
C. 0 5 2
V A R I A T E :  T E I G  fN =  1 3 4 ;  6 2  F E MAL ES  AND 7 2  MAXES)
COVARTANCES CORRELATIONS
VARIATE FEMALES MALES FEMALES
OSAT 5 0 . 1 1  6 0 . 5 8  0 . 2 8 6
VS AT 2 5 .  19 2 6 . 4 2  0 .  130
FIS PC 2 . 6 1  - 0 . 0 2  0 .  163
HSCA 1 . 9 1  1 . 5 9  0 . 1 8 2
HSPS 4 . 2 0  3 . 3  8 0 . 2  85
ROMA 4 . 8 1  - 1 . 5 0  0 . 1 2 1
EQPS 1 9 . 8 5  1 7 . 9 1  0 . 2 8 8
ALG 6 . 4 0  5 . 6 4  0 . 5 1 5
TRIG 7 . 9 1  6 . 7 8  1 . 0 0 0
TINT T1 1 4 . 0 9  3 .  6 0  0 .  4 0 4
TJNIT2 2 7 . 2 0  1 9 . 4 5  0 .  401
TJNTT3 3 0 . 9 1  11 . 4 1  0 . 3 9 2
TJNXT4 18.  2 5  1 8 . 8 8  0 .  2 1 5
FINAL 8 . 6 6  8 . 5 6  0 . 3 7 4
GEFT2 0 . 7 7  0 . 0 4  0 . 1 2 2
GEFT3 0 . 2 5  - 0 . 3 9  0 . 0 5 2
HPT1 1 . 7 7  3 . 4 6  0 . 0 3 5
HPT2 4 . 5 4  - 3 . 6 2  0 . 0 8 9
NS1 1 . 8 2  1 . 8 3  0 . 1 4 5
NS2 - 0 . 3 2  1 . 0 7  - 0 . 0 2 7
PE 1 - 5 .  42 0 . 6 4  - 0 .  1 65
DF2 0 . 5 2  1 . 1 9  0 . 0 6 0
CR1 2 . 9 5  1 . 2 2  0 . 0 9 3
CP2 - 0 . 2 8  - 2 . 9 9  - 0 . 0 0 9
PSVR 1 . 6 6  0 . 8 1  0 . 1 9 9
AT KP 4 . 4 7  2 . 4 7  0 .  1 7 5
AIKN 3 . 0 5  4 . 5 4  0 . 1 2 5
CLMP 2 . 8 6  0 . 5 7  0 . 2 5 0
CLMN 3 . 3 5  2 . 1 8  0 . 2 1 4
POMP 5 . 3 6  2 . 9 1  0 . 3 3 1
PUMN 5 . 1 5  2 . 1 6  0 . 3 5 0
SMDP 2 . 0 6  0 . 3 0  0 . 2 0 3
SMPN 2 . 2 6  0 . 0 4  0 . 1 9 0
EFMP 1 . 0 6  1 . 4 1  0 . 0 7 2
EFMN 3 . 1 9 0 . 1 5  0 . 1 9 0
LCIP 1 . 1 7  0 . 3 5  0 . 2 7 2
LCIN 1 . 2 5  0 . 4 1  0 . 2 1 9
M ALES
0 . 3 0 3  
0 . 1 3 3  
- 0 . 0 0 1  
0 .  1 58  
0 . 2 5 0  
- 0 . 0 5 8  
0 . 2 0 7  
0 . 5 3 3  
1 . 0 0 0  
0 .  185  
0 . 4 7 2  
0 . 3 2 3  
0 . 3 3 6  
0 . 4 7 5  
0 . 0 0 9  
- 0 . 1 1 2  
G. 0 7 9  
- 0 . 0 8 6  
0 . 1 5 6  
C. 0 9 4  
0 . 0 8 2  
0 . 1 3 9  
C . 0 3 0  
- 0 . 0 7 9  
0 . 0 9 8  
C . 1 1 4  
0 . 2 0 8  
0 . 0 4 9  
0 . 1 7 0  
0 .  3 0 2  
0 . 1 7 6  
0 . 0 2 9  
0 . 0 0 4  
0 . 1 5 9  
0 . 0 1 3  
0 . 0 8 4  
0 . 0 9 4
VARI AT E:  FFMP (M = 1 3 4 :  6 2  F E M A L E S  AND 7 2  MALES)
COVARIANCES CORRELATIONS
LARIAT E FFMALES MALES FEMALES MALES
QSAT 1 1 0 . 7 5 1 0 7 . 1 8 0 .  3 37 C . 4 1 2
VS AT - 5 9 . 4 1 5 . 1 0 - 0 . 1 6  3 0 . 0 2 0
HSPC 7 . 4 8 4 . 2 8 0 . 2 4 8 0 . 2 0 7
HSCA 5 . 6 8 4 . 5 7 0 .  2 8 9 0 . 3 4 9
HSPS 1.  55 5 . 4 8 0 . 0 5 6 0 . 3 1 2
POM A 2 2 .  30 1 0 . 8 4 0 .  2 97 0 . 3 2 4
HOPS 1 7 .  43 3 0 . 8 0 0 .  1 35 0 . 2 7 4
ALG 1 0 . 0 2 3 . 8 7 0 . 4 2 9 0 .  2 81
TRIG 1 . 0 6 1 . 4 1 0 .  072 0 . 1 5 9
TINTT1 1 7 . 6 3 7 . 3 8 0 .  2 6 9 0 . 2 9 2
ON IT 2 3 3 . 7 9 1 8 . 3 2 0 . 2 6 5 0 . 3 4 1
UNIT 3 2 6 . 7 0 1 3 . 6 3 0 . 1 8 0 0 . 2 9 6
UNTT4 5 0 . 9 3 2 4 . 7 4 0 .  3 2 0 0 . 3 3 8
FIN AL 1 3 . 8 8 1 0 . 0 1 0 . 3 1 9 0 .  4 2 7
GE.FT 2 3 . 0 4 - 0 . 4 4 0 . 2 5 6 - 0 . 0 6 9
GEFT3 2 .  39 - 0 . 0 9 0 .  317 - 0 . 0 2 1
HPT1 1 6 . 4 4 1 0 . 4 6 0 .  17 3 0 .  1 8 3
HPT2 8 . 7 7 6 . 0 3 0 . 0 9 1 0 . 1 1 0
NS 1 4 . 3 9 0 . 2 6 0 .  185 0 . 0 1 7
NS2 4 . 3 0 0 . 8 2 0 .  191 0 . 0 5 6
DP 1 1 0 . 0 1 1 . 4 5 0 .  162 0 . 1 4 3
DH2 4 . 0 1 2 . 2 3 0 . 2 4 5 0 . 2 0 1
CH1 1 . 5 7 1 3 .  7 6 0 .  0 2 6 0 . 2 5 8
CR2 0 . 2 1 6 . 3 1 0 . 0 0 4 0 . 1 2 8
PS VP. - 0 . 7 4 2 . 3 3 - 0 . 0 4 8 0 . 2 1 6
AIKP 3 2 . 0 7 2 2 . 4  3 0 . 6 6 8 0 . 7 9 6
AIKN 2 1 . 2 6 1 5 . 4 5 0 .  5 9 5 0 . 5 4 5
CL HP 1 1 . 3 4 9 . 21 0 . 5 2 7 0 .  6 1 9
CLMN 2 0 .  34 8 . 0 6 0 . 6 9 2 0 . 4 8 5
POMP 2 2 . 7 9 5 . 6  1 0 .  7 5 0 0 . 4 4 6
PUMN 1 8 . 0 6 4 . 8 2 0 . 6 5 4 0 . 3 0 2
SMDP 6 . 8 4 - 3 . 6  3 0 . 3 5 8 - 0 . 2 6 4
SMDN 3 . 5 4 - 0 . 0 4 0 .  1 58 - 0 . 0 0 3
EFMP 2 7 .  Q4 1 1 . 4 9 1 . 0 0 0 1 . 0 0 0
EFMN 2 5 . 9 1 7 . 9 6 0 .  823 0 . 5 4 7
LCIP 1 . 4 5 0 . 6 5 0 .  179 C. 1 2 1
LCIN 0 .  16 0 .  93 0 . 0 1 5 0 .  1 64
V A R I A T E :  U N I T 1  fN =  1 3 4 ;  6 2  F E M A L E S  AND 7 2  MALES)
COVARIANCES CORRELATIONS






































3 9 2 .  12
1 4 3 . 3 0
2 2 . 2 6
1 1 . 2 2
5 .  23
3 0 . 6 9
2 5 . 9 0
3 0 . 6 0  
1 4 . 0 9
1 5 3 . 8 7
2 2 0 . 4 8
2 5 1 . 8 3
2 2 8 . 1 5
6 6 .  3 4
6 .  95
5 . 6 2
2 0 . 0 4  
0 . 5 9
8 . 3 5
6 . 3 2  
- 2 5 . 5 0
8 . 2 4  
1 6 . 1 8
1 2 . 4 6  
4 .  58
5 0 . 6 9
3 7 . 7 3
2 4 . 5 7
2 3 . 8 9  
2 4 .  05
2 2 .  85
3 . 3 1
2 . 0 9
1 7 . 6 3
2 3 .  15
3 . 0 5
5 . 4 2
1 7 6 . 8 6  
- 2 . 5 1
9 . 8 4
8 . 7 3
2 .  64
- 9 . 5 0
9 0 . 8 2
1 2 . 7 7
3 . 6 0
5 5 . 7 3  
4 6 . 7 2
2 5 . 5 6  
86 . 6 7
2 7 . 6 5
1 . 7 3  
0 . 7 4
2 2 .  5 5
2 4 . 0 1  
3 . 7 5  
- 0 . 7 3
3 . 6  9
6 . 4 9
1 3 . 8 5
8 . 1 6  
0 . 7 9
1 6 . 4 6
7 . 3 6
2 . 4 2
3 . 5 4
1 . 8 5
2 . 0 3
- 1 . 3 0  
- 0 . 6 4
7 .  3 8
7 . 1 0  
2 . 7 4  
- 2 . 6 8
0 . 5 0 3  
0 .  1 67  
0 . 3 1 4  
0 . 2 4 3  
0 . 0 8 1  
0 .  174  
0 . 0 8 5  
0 . 5 5 8  
0 .  4 0 4
1 . 0 0 0  
0 . 7 3 6  
0 .  7 2 4  
0 . 6 1 0  
0 .  6 4 9  
0 .  249  
0 . 2 6 3  
0 .  0 9 0  
0 .  0 0 3  
0 .  150  
0 . 1 1 9  
- 0 . 1 7 6  
0 . 2 1 5  
0 .  116  
0 .  0 9 2  
0 .  125  
0 . 4 5 0  
0 . 3 5 1  
0 . 4 8 7  
0 . 4 1 9  
0 .  33 7 
0 . 3 5 3  
0 . 0 8 5  
0 . 0 4 0  
0 .  2 6 9  
0 .  3 1 3  
0 .  161  
0 . 2 1 5
0 . 3 0 9  
- 0 . 0 0 4  
0 . 2 1 5  
0 . 3 0 2  
0 . 0 6 8  
- 0 . 1 2 9  
0 . 3 6 6  
0 . 4 2 1  
0 . 1 8 5
1 . 0 0 0  
0 . 3 9 5  
0 . 2 5 2  
0 . 5 3 8  
0 . 5 3 5  
0 . 1 2 6  
0 . 0 7 3  
0 . 1 7 9  
0 . 1 9 9  
0 . 112 
- 0 . 0 2 3  
0 . 1 6 5  
0 . 2 6 6  
0 . 1 1 8  
0 . 0 7 5  
0 . 0 3 3  
0 . 2 6 5  
0 .  118  
0 . 0 7 4  
0 . 0 9 7  
0 . 0 6 7  
0 . 0 5 8  
- 0 . 0 4 3  
- 0 . 0 2 1  
0 . 2 9 2  
0 . 2 2 1  
0 .  2 3 2  
- 0 . 2 1 4
117
VRUTATE:  H N I T 2  (H = 1 3 4 ;  6 2  F E M A L E S  AND 7 2  MAI E S )
CDVARIANCES CORRELATIONS
VARIATE FEMALES MALES FEMALES
OSAT 8 4 4 . 4 7 6 0 3 . 0 6 0 .  5 6 2
VS AT 2 1 9 . 8 6 2 0 . 9 3 0 .  132
HSPC 5 6 . 8 2 1 3 . 5 1 0 . 4 1 2
HSCA 28 .  1 5 1 8 . 6 2 0 .  3 1 3
HSPS 2 7 . 7 0 1 3 . 9 5 0 . 2 1 9
ROM A 1 0 4 . 0 4 5 . 0 9 0 . 3 0 3
RQPS 9 2 . 0 6 7 4 . 9  8 0 .  1 5 6
ALG 6 7 . 3 0 3 0 . 0 4 0 . 6 3 1
TRIG 2 F . 2 0 1 9 . 4 5 0 . 4 0 1
UNTT1 2 2 0 . 4 8 4 6 . 7 2 0 .  7 3 6
HNIT2 5 8 3 . 0 4 251 . 1 7 1 . 0 0 0
TJNTT 3 4 6 5 . 3 1 1 1 4 . 3 8 0 . 6 8 7
UNTT4 5 0 7 .  14 1 8 5 . 9 3 0 . 6 9 7
FINAL 1 4 3 . 4 3 6 6 . 4 3 0 .  721
GEET2 1 8 . 5 6 2 . 7 5 0 . 3 4 2
GEET3 1 0 . 2 5 - 0 . 7 7 0 .  2 4 6
HPT 1 1 4 0 . 5 9 62 . 5  6 0 .  3 24
HPT 2 1 0 9 . 9 6 5 7 . 4 3 0 . 2 5 0
NS 1 1 . 5 6 7 . 9 1 0 .  0 1 4
NS2 1 0 . 4 8 2 .  84 0 .  102
DF1 9 . 3 0 4 . 8 4 0 . 0 3 3
DR 2 2 0 .  8 7 1 2 . 9 2 0 . 2 8 0
CR1 47 .  8 2 3 4 . 9 8 0 .  176
CP2 3 1 . 1 8 1 4 . 4 9 0 . 1 1 8
PS VR 14.  82 0 . 3 7 0 . 2 0 8
ATKP 1 1 0 . 4 6 2 9 . 6 2 0 .  5 04
AIKN 1 1 3 .  33 2 5 . 9 2 0 .  5 4 2
CL HP 5 4 . 0 5 2 . 9 9 0 . 5 5 0
Cl, M H 7 5 . 5 4 4 . 6 1 0 . 5 6 3
PUHP 48 .  34 1 3 . 7 7 0 .  3 48
PTTMN 3 3 .  19 1 . 31 0 . 3 0 3
SHDP 1 9 . 4 8 - 4 . 8 3 0 . 2 2 3
SMDN 2 0 .  95 - 1 0 . 0 4 0 .  2 0 5
EFMP 3 3 . 7 9 1 8 . 3 2 0 . 2 6 5
EFMN 4 4 . 8 6 8 . 5 3 0 .  312
i c i p 1 0 . 6 9 1 . 2 4 0 . 2 9 0
LCIN 1 1 . 3 0 - 5 . 1 2 0 .  2 3 0
HALES
0 . 4 9 6  
0 . 0 1 7  
0 .  1 3 9  
0 .  3 0 4  
0 .  1 7 0  
0 . 0 3 3  
0 . 1 4 3  
0 . 4 6 7  
0 . 4 7 2  
C . 3 9 5  
1 . 0 0 0  
0 . 5 3 2  
0 . 5 4 4  
0 . 6 0 6  
0 . 0 9 2  
- 0 . 0 3 6  
0 . 2 3 4  
0 . 2 2 4  
0 . 1 1 1  
0 . 0 4 1  
0 . 1 0 2  
0 . 2 4 9  
0 .  140  
0 . 0 6 3  
0 . 0 0 7  
0 . 2 2 5  
0 . 1 9 5  
0 . 0 4 3  
0 .  0 5 9  
0 . 2 3 4  
0 . 0  18 
- 0 . 0 7 5  
- 0 . 1 5 5  
0 .  341 
0 . 1 2 5  
C. 05 0 
- 0 .  1 9 3







































TTNTT3 (N =  1 3 4 ;  6 2  F EMALES  AND 7 2  M A I E S )
COVARIANCES CORRELATIONS
FEMALES MALES FEMALES MALES
7 2 0 .  35
6 6 . 5 1
6 4 .  04 
1 7 . 1 6
2 7 . 5 6
1 0 0 . 3 0
4 8 . 3 6
7 1 . 9 4
3 0 . 9  1
2 5 1 . 8 3
4 6 5 . 3 1  
7 8 6 . 7 9
6 4 7 . 9 7
1 4 0 . 3 6
7 . 4 0
6 . 6 0
8 7 . 2 0
2 0 .  17
7 . 5 8
9 . 6 4
5 . 7 0
2 2 . 0 6
5 4 . 9 6  
4 7 .  23  
0 . 9 1
8 9 . 2 7
5 8 . 2 0
4 2 .  72
5 2 . 2 5  
5 7 . 1 9
4 1 . 6 9
1 6 . 6 0
1 7 . 7 8
2 6 . 7 0  
3 8 .  80
1 5 . 2 2
8 . 3 3
2 6 8 . 2 6  
- 1 3 . 7 8
1 3 . 1  0
1 0 . 0 9
1 3 . 1 0
1 7 . 5 7
9 7 . 3 9
1 6 . 4 2
1 1 . 4 1
2 5 . 5 6
1 1 4 . 3 8
1 8 4 . 3 0  
1 7 6 . 7 6
6 0 . 4 9
1 . 2 8  
0 . 3 9
56 . 8 3
3 1 . 2 4  
- 8 . 1 6  
- 4  . 3 7  
4 .  1 9
1 1 . 5 3  
1 . 4  6 
- 1 . 0 3  
- 2 . 6 3  
23 .1 7
2 4 . 5 0
1 0 . 7 6
5 . 1 7
5 . 7 6  
- 0 . 3  4 
- 6 . 2 6  
- 6 . 4 6  
13 . 6 3
4 . 0 7
2 . 3 2  
0 . 6 0
0 .  4 1 2  
0 . 0 3 4  
0 . 4 0 0  
0 .  164  
0 .  188  
0 .  2 5 2  
0 .  071  
0 .  581  
0 .  3 9 2  
0 . 7 2 4
0 .  6 8 7
1 . 000 
0 . 7 6 6  
0 . 6 0 7  
0.  117  
0 .  136  
0 .  173  
0 . 0 3 9  
0 . 0 6 0  
0 . 0 8 1  
0 . 0 1 7  
0 .  2 5 5  
0 .  174  
0 .  153  
0 . 011 
0 . 3 5 0  
0 . 2 3 9  
0 .  374  
0 . 3 3 5  
0 . 3 5 5  
0 .  2 8 4  
0 .  164  
0 . 1 5 0  
0 .  180  
0 .  2 3 2  
0 .  3 5 6  
0 .  146
0 . 2 5 8  
- 0 . 0 1 3  
0 .  1 5 8  
0 . 1 9 2  
0.1  86 
0 .  131  
0 . 2 1 6  
0 . 2 9 8  
0 . 3 2 3  
0 . 2 5 2  
0 . 5 3 2
1 . 0 0 0  
0 . 6 0 4  
0 .  6 4 4  
0 . 0 5 0  
C. 0 2 1  
0 . 2 4 8  
0 .  1 4 2  
- 0 . 1 3 4  
- 0 . 0 7 4  
0 . 1 0 3  
C . 2 6 0  
0 . 0 0 7  
- 0 . 0 0 5  
- 0 .  061  
0 .  2 0 5  
0 . 2 1 6  
C . 1 8 1  
0 . 0 7 8  
0 . 1 1 4  
- 0 . 0 0 5  
- 0 .  1 1 4  
- 0 . 1 1 7  
0 . 2 9 6  
C. 0 7 0  
0 . 1 0 8  
0 . 0 2 6
V A R I A T E :  U N I T 4  [N = 7 3 ^ ;  6 2  FEMALES AND 7 2  MALES)
COVARIANCES CORRELATIONS






































7 9 9 . 9 8  
- 1 4 3 . 9 6  
6 4 .  11
2 7 . 7 5
2 0 . 9 0
1 0 7 . 0 2  
- 1 3 . 5 4  
7 5 . 8 1
1 8 . 2 5  
2 2 8 . 1 5
5 0 7 . 1 4  
6 4 7 . 9 7  
9 0 8 . 8 9
1 7 2 . 5 0
8 . 8 1  
1 0 . 6 6  
1 1 2 . 0 4  
3 6 .  33
3 . 1 8
7 . 6 4
3 7 . 4 6
2 1 .  13 
5 6 .  14  
4 8 . 1 8  
- 4 . 4 0
1 2 1 . 1 5
1 0 5 . 4 3
5 4 . 3 5  
8 3 .  43
6 5 . 2 4
3 4 . 4 2
1 7 . 6 2
1 7 . 7 6
5 0 . 9 3
5 1 .  8 0
8 .  13
2 . 7 6
4 6 9 . 2 6
1 3 1 . 3 8
3 7 . 2 2
3 1 . 2 7
2 7 . 8 0
2 8 . 6  8 
2 5 1 . 1 4
4 1 . 0 8  
1 8 . 8 8  
8 6 .  6 7
1 8 5 . 9 3
1 7 6 . 7 6
4 6 5 . 1 7
1 1 2 . 6 3
6 . 1 0  
- 0 . 0 6
6 5 . 6  3 
62 . 8 5
1 5 . 0 3
6 . 4 7
1 9 . 7 1
2 4 . 0 1
9 . 1 4
7 . 4 8  
- 1 . 9 5
3 9 . 7 1  
3 . 0 7  
0 . 6  2
- 2 . 8  0
5 . 4 7  
0 . 9 0  
- 5 . 3  1 
- 8 . 2 3
2 4 . 7 4
8 . 3 6
4 . 0 4
2 . 5 4
0 . 4 2 6  
- 0 . 0 6 9  
0 .  373  
0 . 2 4 7  
0 .  132  
0 .  2 5 0  
- 0 . 0 1 8  
0 . 5 6 9  
0 . 2 1 5  
0.  6 1 0  
0 . 6 9 7  
0 . 7 6 6  
1 . 0 0 0  
0 .  6 9 4  
0 .  130  
0 .  2 0 5  
0 .  2 0 7  
0 . 0 6 7  
0 . 0 2 4  
0 .  0 5 9  
0 .  106  
0 .  2 2 7  
0 .  1 6 6  
0 .  146  
- 0 . 0 4 9  
0 .  4 4 3  
0 .  4 0 4  
0 . 4 4 3  
0 .  4 9 8  
0 . 3 7 6  
0 . 2 1 9  
0 .  162  
0 .  139  
0 .  3 2 0  
0 .  2 8 8  
0 .  1 7 7  
0 . 0 4 5
0.  2 8 4  
0 . 0 8 0  
C. 2 8 2  
0 . 3 7 5  
0 . 2 4 9  
0 .  1 3 5  
0 . 3 5 1  
0 . 4 6 9  
0 . 3 3 6  
0 . 5 3 8  
0 . 5 4 4  
0 .  6 0 4
1 . 0 0 0  
C. 7 5 5  
0 .  1 5 0  
- 0 . 0 0 2  
C . 1 8 0  
0 .  180  
0 . 1 5 5  
0 .  0 6 9  
0 . 3 0 6  
0 . 3 4 1  
0 . 0 2 7  
0 . 0 2 4  
- 0 . 0 2 8  
0 . 2 2 1  
0 . 0 1 7  
0 . 0 0 7  
- 0 . 0 2 6  
0 . 0 6 8  
0 . 0 0 9  
- 0 . 0 6 1  
- 0 . 0 9 3  
0 . 3 3 8  
0 . 0 9 0  
0 .  119  
0 . 0 7 0
120
V A R I A T E :  F I N A L  (N =  1 3 4 :  6 2  F EMALES  AND 7 2  MALES)
COV A-RTANCES CORRELATIONS






































2 2 5 . 5 6
1 1 9 . 3 6
1 2 . 6 5
1 0 . 2 3
5 . 7 1
3 3 . 2  3
4 3 .  23
2 1 . 9 8
8 . 66 
€ 6 . 3 4  
143 .  43
1 4 0 . 3 6
1 7 2 . 5 0
6 7 . 9 0  
4 .  16 
2 . 1 3
3 8 . 6 9  
2 4 .  12
5 . 3 2
7 . 0 8
3 .  88
7 . 3 2
1 6 . 6  6
7 .  48  
0 . 7 2
1 9 . 9 5
2 2 .  82
1 2 . 2 5  
1 6 . 5 5
1 3 . 5 4  
1 6 . 8 0
3 . 4 4
9 . 4 6
1 3 . 8 0
1 9 . 9  1
2 .  54
3 . 4 5
2 4 8 . 9  5
5 0 . 9  6
1 2 . 0 3  
11 . 7 3
6 . 0 3
6 . 0 5  
81 . 0 8
1 4 . 2 7
8 . 5  6
2 7 . 6 5
6 6 . 4 3
6 0 . 4 9
1 1 2 . 6 3
4 7 . 3  9
2 . 0 9  
0 . 3 2
1 3 . 7 7
1 0 . 8 4  
4 .2 3
2 . 7 4
6 . 4 7
1 0 . 7 3
7 . 1 2
4 . 2 0
1 . 4 7
2 3 . 2 8  
16 . 4 5
6 . 3  5
6 . 1 1  
2 . 5 5
- 2 . 5 2  
- 3 . 6 1  
- 3  . 5 0
10 . 01
4 . 1 2  
0 . 9 9
- 1 . 5 8
0 .  4 4 0  
0 . 210 
0 . 2 6 9  
0 . 3 3 5  
0 .  1 3 2  
0 . 2 8 4  
0 . 2 3 9  
0 . 6 0 4  
0 .  3 7 4  
0 . 6 4 9  
0 .  721 
0 .  6 0 7
0 . 6 9 4
1. 000 
0 .  2 2 5  
0 .  150 
0 . 2 6 1  
0 .  161 
0 .  144  
0 . 2 0 2  
0.  0 4 0  
0 .  2 8 7  
0 . 1 8 0  
0 .  0 83  
0 .  029  
0 . 2 6 7  
0 . 3 2 0  
0 .  3 6 5  
0 .  361 
0 .  391  
0 . 3 9 0  
0 . 1 1 6  
0 .  2 7 2  
0 .  3 19  
0 .  40 5 
0 . 2 0 2  
0 .  2 0 6
0 . 4 6 9  
0 . 0 9 6  
0 . 2 8 4  
0 . 4 3 8  
0 .  1 68  
C.  0 8 9  
0 . 3 5 3  
0 . 5 0 8  
0 . 4 7 5  
0 . 5 3 5  
0 . 6 0 6  
0 . 6 4 4  
0 . 7 5 5
1 . 0 0 0  
C . 1 6 0  
0 . 0 3 5  
0 . 1 1 8  
0 , 0 9 7  
0 .  136  
0 . 0 9 1  
0 . 3 1 3  
0 . 4 7 4  
0 . 0 6 5  
0 . 0 4 2  
0 . 0 6 7  
0 . 4 0 5  
0 . 2 8 4  
0 . 2 0 9  
C . 1 8 0  
0 . 0 9 9  
- 0 . 0 7 7  
- 0 . 1 2 8  
- 0 . 1 2 4  
0 . 4 2 7  
0 . 1 3 9  
0 . 0 9 1  
- 0 .  1 3 6
I
V AP T AT E :  G E F T 2  ( N = 1 3 4 ;  6 2  F E M A L E S  AND 7 2  MAI ES)
COVAPTANCES CORRELATIONS
LABIATE FEMALES MALES FEMALES MALES
QSAT 7 4 . 4 5 - 0 . 6 4 0 .  532 - 0 . 0 0 4
VS AT 1 3 . 9 8 1 0 . 4 7 0 . 0 9 0 0 . 0 7 3
HSPC 1 . 0 7 1 . 5 3 0 .  084 0 . 1 3 2
HSCA 0 . 2 7 0 . 0 9 0 .  0 3 2 0 . 0 1 3
HSPS - 0 . 0 8 0 . 6 6 - 0 . 0 0 7 0 . 0 6 7
ROW A 2.  25 - 1 . 6 4 0 . 0 7 0 - 0 . 0 8 8
POPS 1 2 . 3 3 5 . 4 8 0 .  2 24 0 . 0 8 7
ALG 2 . 9 6 - 0 . 2 5 0 . 2 9 9 - 0 . 0 3 2
TPTG 0 . 7 7 0 . 0 4 0 . 1 2 2 0 . 0 0 9
UNIT) 6 . 9 5 1 . 7 8 0 .  2 4 9 0 . 1 2 6
OH IT 2 1 8 . 5 6 2 . 7 5 0 .  3 42 0 . 0 9 2
UNIT3 7 . 4 0 1 . 2 8 0 .  117 0 . 0 5 0
TJNTT4 8 . 8 1 6 . 1 0 0 .  1 30 C . 1 5 0
FINAL 4 .  16 2 . 0 9 0 .  2 2 5 C. 160
GEFT2 5 . 3 4 3 . 5  7 1 . 0 0 0 1 . 0 0 0
GEFT3 2 . 5 7 1 . 6 8 0 .  6 63 0 . 6 5 9
HPT1 2 1 .  10 6 . 8 6 0 .  52 2 0 .  2 1 5
HPT2 1 7 . 4 7 5 . 9 4 0 . 4 2 7 0 . 1 9 4
NS 1 1 . 7 0 0 . 4 1 0 .  169 0 . 0 4 8
NS2 2 . 7 5 - 0 . 3 1 0 . 2 8 7 - 0 . 0 3 8
DP 1 1 . 5 3 1 . 3 0 0 .  058 0 . 2 2 9
DP2 2 . 1 7 0 . 2  2 0 . 3 1 2 0 . 0 3 6
CP1 5 .  14 1 . 9 6 0 . 2 0 4 0 . 0 6 6
CR2 2 . 8 6 1 . 8 4 0 . 1 1 6 0.  0 6 7
PS VR 2 . 7 0 0 . 1 3 0 . 4 0 7 0 . 0 2 1
AT HP 2.  23 - 0 . 4 6 0 .  109 - 0 . 0 2 9
AIKN 3 . 5 5 1 . 5 7 0 .  182 0 . 0 9 9
CL HP 1 . 8 7 0 . 7 2 0 .  2 04 0 . 0 8 6
CLMN 2.  27 1 . 1 8 0 .  182 0.  1 27
POMP 1 . 1 9 - 0 . 9 0 0 .  09 2 - 0 . 1 2 8
PUMN 2.  27 0 . 8 2 0 .  193 0 . 0 9 3
SMDP 0 . 4 4 - 1 . 0 2 0 . 0 5 4 - 0 . 1 3 3
SMDN 0 . 9 5 0 . 7 0 0 .  100 0 . 0 9 1
HFMP 3 . 0  4 - 0 . 4 4 0 . 2 5 6 - 0 . 0 6 9
EFMN 3 . 8 3 1 . 3 0 0 .  2 8 6 C . 1 6 0
LCTP 1 . 0 6 0 . 7 5 0 . 3 1 0 0 . 2 5 0
LCIN 0 . 0 1 - 0 . 6 1 0 .  177 - 0 .  192
VAET AT?,: G E F T 3  [N = 1 3 4 ;  6 2  F E M A L E S  AMD 7 2  MA I E S )
COVARIANCES CORRELATIONS






































4 7 . 6 2  
- 3 . 0 8  
- 0 . 1 8  
- 0 . 0 6
0 . 1 7  
1 . 0 9  
6 .  97  
1 . 7 9  
0 . 2 5
5 . 6 2  
1 0 . 2 5
6 . 6  0 
1 0 . 6 6  
2 .  13 
2 . 5 7  
2 . 9 7
1 2 . 6 2  
1 3 . 4 9
0 . 0 9
1 . 5 0
0 . 4 9  
2 . 0 1  
4 . 7 7
4 . 4 6  
1 . 4 2  
1 . 6 4
1 . 6 2
1 . 4 6  
1 . 8 5
1.  74  
1.  90  
1 . 3 8  
0 . 5 2  
2 . 8 9  
2 . 4 1  
0 . 5 5  
0 .  19
- 0 . 3 6  
1 4 . 4 5  
- 0 . 0  1 
- 0 . 1 4  
- 0 . 1 7  
- 2 . 0 5  
0 . 8 4  
- 0 . 6 1  
- 0 . 3 9  
0 . 7 4  
- 0 . 7 7  
0 . 3 9  
- 0 . 0 6  
0 .  32  
1 . 6 8  
1 . 8 1  
6 . 5 4  
3 . 7 8  
0 . 3  0 
- 0 . 8 9  
0 . 2 9  
- 0 . 1 4  
- 0 . 4 3  
- 0 . 1 5  
0 . 3  1 
- 0 , 0 1  
1 . 1 8  
1 . 3 0  
1 . 1 8  
- 1 . 2 2  
- 0 . 2 9  
- 1  . 7 4  
0 . 5 0  
- 0 . 0  9 
0 . 9 6  
0 . 1 9  
- 0 . 1 8
0 .  444  
• 0 . 0 2 6  
• 0 . 0 1 8  
• 0 . 0 0 9  
0 . 0 1 8  
0 . 0 4 5  
0 .  165  
0 . 2 3 6  
0 .  052  
0 .  2 6 3  
0 .  246  
0.  136  
0 .  2 0 5  
0 .  150  
0 . 6 6 3  
1 . 0 0 0  
0 . 4 0 7  
0 . 4 3 0  
0 . 0 1 2  
0 .  2 0 4  
0 . 0 2 4  
0 . 3 7 6  
0 .  2 4 6  
0 .  2 3 6  
0 . 2 7 8  
0 .  105  
0 .  109  
0 .  2 0 9  
0 .  193  
0 .  176  
0 . 2 1 1  
0 . 2 2 2  
0 .  071  
0 .  3 1 7  
0 . 2 3 4  
0 . 2 1 0  
0 .  055
- 0 . 0 0 3  
0 .  141  
- 0 . 0 0 1  
- 0 . 0 2 7  
- 0 . 0 2 4  
- 0 . 1 5 4  
0 . 0 1 9  
- 0 . 112 
- 0 . 1 1 2  
0 . 0 7 3  
- 0 . 0 3 6  
0 . 0 2 1  
- C . 0 0 2  
0 . 0 3 5  
0 . 6 5 9  
1 . 0 0 0  
0 .  2 8 8  
0 . 1 7 3  
0 . 0 5 0  
- 0 . 1 5 2  
0 . 0 7 2  
- 0 . 0 3 1  
- 0 . 0 2 0  
- 0 .  0 0 8  
0 . 0 7 3  
- 0 . 0 0 1  
0 . 1 0 4  
0 . 2 2 0  
0.  179  
- 0 . 2 4 4  
- 0 . 0 4 6  
- C . 3 2 0  
0.  0 92  
- 0 . 0 2 1  
0 . 1 6 6  
0 . 0 8 9  
- 0 . 0 7 8
VARTATE:  HPT 1 (N = 1 3 4 ;  6 2  F E MAL E S  AND 7 2  M A I E S )
COVAPIANCES CORRELATIONS
'ARTA^E FEMALES H AL ES FEMALES MALES
QSAT 3 0 6 . 4 0 1 5 4 . 9 3 0 .  2 7 4 0 . 1 2 0
VS AT 1 . 6 5 - 1  2 6 . 5 2 0 . 0 0 1 - C , 0 9 8
HSPC 2 2 . 6 7 4 . 0 1 0 . 2 2 1 0 . 0 3 9
HSCA - 1 . 6 1 - 5 . 3 7 - 0 . 0 2 4 - 0 . 0 8 2
HSPS 8 . 86 2 7 . 9 6 0 .  0 9 4 0 . 3 1  9
ROMA 3 . 4 9 - 1 6 . 3 0 0 . 0 1 4 - 0 . 0 9 8
RQPS 7 4 . 3 4 4 7 . 8 1 0 .  169 0 . 0 8 5
ALG 13.  82 1 2 . 1 6  . 0 .  1 7 4 0 . 1 7 7
TRIG 1 . 7 7 3 . 4 6 0 .  0 3 5 0 . 0 7 9
0 HTT1 2 0 . 0 4 2 2 . 5  5 0 .  0 9 0 0 . 1 7 9
DNIT2 1 4 0 . 5 9 6 2 . 5 6 0 .  3 2 4 0 . 2 3 4
HNIT3 8 7 .  20 5 6 . 8  3 0 .  17 3 0 .  2 4 8
D NIT 4 1 1 2 . 0 4 6 5 . 6 3 0 . 2 0 7 0 . 1 8 0
FINAL 3 8 . 6 9 1 3 . 7 7 0 . 2 6 1 0 . 1 18
GEFT2 2 1 . 10 6 . 8 6 0 . 5 2 2 0.  2 1 5
GEFT3 1 2 . 6 2 6 . 5 4 0 .  4 0 7 0 . 2 8 8
HPT 1 3 2 3 . 3 4 2 8 4  . 8 8 1 . 0 0 0 1 . 0 0 0
HPT2 2 5 9 . 0 9 2 0 6 . 0 6 0 . 7 9 1 0 . 7 5 5
N SI - 9 . 2 1 - 1 8 . 5 1 - 0 .  115 - 0 . 2 4 4
NS2 7 . 3 6 2 . 9 6 0 . 0 9 6 0 . 0 4 0
DR1 5 9 . 7 2 4.  30 0 .  2 8 4 0 . 0 8 5
DR2 1 0 . 8 3 - 5 . 1 7 0 .  195 - 0 . 0 9 4
CR 1 6 3 . 0 7 81 . 4 0 0 . 3 1 2 0 . 3 0 6
CP2 7 4 . 9 2 1 5 .  9 7 0 . 3 8 0 0 . 0 6 5
PS VR 8 . 7 5 2 . 1 2 0 .  1 64 C. 0 3 9
AIKP 2 8 . 5 7 13 . 3 2 0 .  175 0 . 0 9 5
ATKN 2 4 . 9 0 1 8 . 9  3 0 .  160 0 . 1 3 4
CLIP 14 .  42 6 . 1 9 0 .  1 97 0 . 0 8 4
CLMN 1 8 . 9 7 6 . 3 6 0 .  190 0 . 0 7 7
do Mp 9 . 1 1 7 . 5 2 0 . 088 0 . 1 2 0
PTTMN 19.  7 4 1 4 . 7 4 0 . 2 1 0 0 . 186
SM DP 1 . 4 5 4 . 5 2 0 . 0 2 2 0 . 0 6 6
SMDN 4 . 6 8 6 . 3 5 0 . 062 0 . 0 9 2
EFMP 1 6 . 4 4 1 0 . 4 6 0 .  173 0 . 1 8 3
FFMN 19.  13 1 7 . 4 8 0 .  179 0 .  241
LCTP 9 . 0 1 2 . 2 3 0 . 3 2 8 0 . 0 8 4
LCIN 5 . 3 9 3 .  1 1 0 .  148 0 . 1 1 0
V A R I A T E : HP T 2 fN =  1 3 4 :  6 2  F E M A L E S  AND 7 2  WAXES)
COVARIANCES CORRELATIONS






































3 1 9 . 3 8
5 4 . 4 0  
4 .  61
4 . 4 9
8 . 2 1  
- 5 . 6 0
6 7 .  19
1 7 . 8 6
4 . 5 4
0 .  59
1 0 9 . 9 6
2 0 . 1 7  
3 6 .  83
2 4 .  12
1 1 . 4 7
1 3 . 4 9
2 5 9 . 0 9
3 2 1 . 7 1  
- 1 9 . 4 9
8 . 5 9
2 7 . 3 9
1 2 . 9 0
6 5 .  1 1
5 9 . 2  3
1 4 . 3 5
1 . 1 3
9 .  18
6 . 8 4
4 .  27
6 . 5 1
6 . 0 1  
- 0 .  5 7  
- 3 . 8 8
8 . 7 7  
- 1 .  8 7
7 .  33
1 3 . 9 0
1 4 6 . 1 1
6 . 5 0
9 . 8 3  
- 4 .  31
1 8 . 0 9  
- 1 7 . 2 3
5 2 .  5 5
7 . 3 1  
- 3  . 6 2
2 4 .  01
5 7 . 4  3 
31 . 2 4
6 2 . 8 5
1 0 . 8 4  
5 . 9 U .
3 .  7 8  
2 0 6 . 0  6 
261  . 6 9  
- 8 . 4 1
5 . 4  1 
6 . 3 2
4 . 0 2
5 7 . 5 4  
22 . 7 2
2 . 1 7  
- 2 . 4  0 
1 0 . 1 3 
- 0 . 6 6
3 . 3 7
1 .  74
3 . 2 6
5 . 3 0
1 . 1 4
6 . 03  
9 . 2  0
2 . 9 1  
- 2 . 4  3
0 . 2 8 2  
0 .  043  
0 .  0 4 4  
0 . 066  
0 . 0 8 6  
- 0 . 0 2 2  
0 .  151 
0 . 2 2 2  
0 .  0 8 9  
0 .  0 0 3  
0 .  250  
0 . 0 3 9  
0 .  0 6 7  
0 . 161 
0 . 4 2 7  
0 .  4 3 0  
0.  791  
1 . 0 0 0  
■ 0 . 2 3 9  
0 . 111 
0 .  129  
0 . 2 2 9  
0 .  3 1 8  
0 .  29 6 
0 . 2 6 6  
0 .  0 0 7  
0 . 0 5 8  
0 .  092  
0 .  0 4 2  
0 . 0 6 2  
0 . 0 6 3  
• 0 . 0 0 9  
• 0 . 0 5 0  
0 .  091  
■ 0 . 0 1 7  
0 . 2 82 
0 .  3 7 6
0 . 1 18  
0 . 0 0 5  
0 . 0 9 9  
- 0 . 0 6 9  
0 . 2 1 6  
- 0 . 10 8  
0 . 0 9 8  
0 . 1 1 1  
- 0 . 0 8 6  
0 .  199  
0 . 2 2 4  
0 .  142  
0 . 1 8 0  
C. 0 9 7  
0 . 1 9 4  
0 . 1 7 3  
C . 7 5 5
1 . 0 0 0  
- 0 . 1 1 6  
C. 0 7 7  
0 .  13 1 
0 . 0 7 6  
0 . 2 2 6  
0 . 0 9 6  
0 . 0 4 2  
- 0 . 0 1 8  
0 . 0 7 5  
- 0 . 0 0 9  
0 . 0 4 2  
0 . 0 2 9  
0 . 0 4 3  
0 . 0 8 1  
0 . 0 1 7  
0 . 1 1 0 .  
0 .  132  
0 . 1 1 4  
- 0 . 0 8 9
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V A R I A T E : NS 1 fN =  1 3 4 ;  6 2  F E M A L E S  AND 7 2  HALES)
COY ARTANCES CORRELATIONS
JAPI ATE FEMALES MALES FEMALES MALES
OSAT 7 9 . 2 1 7 4 . 0 2 0 .  2 8 4 0 . 2 1 5
V SAT 6 2 . 0  3 1 2 0 . 9 9 0 . 2 0 1 0 .  3 5 2
HSPC 1 . 9 7 - 2 . 0 7 0 . 0 7 7 - 0 . 0 7 5
HSCA 2 . 2 8 4 . 7 5 0 .  137 0 . 2 7 3
HSPS - 4 . 0 0 - 2 . 2 0 - 0 . 1 7 1 - 0 . 0 9 4
EON A - 9 . 3 0 0 . 3 2 - 0 .  146 0 .  0 0 7
BOPS - 0 . 3 9 - 8 . 8 9 - 0 . 0 0 4 - 0 . 0 5 9
ALG 2 . 6 1 3 . 5 8 0 .  132 0 . 1 9 6
TBIG 1 . 82 1 . 8 3 0 .  1 45 0 . 1 5 6
UN IT 1 8 . 3 5 3 . 7 5 0 .  150 0 . 1 1 2
rjNT T2 1 . 5 6 7 . 9 1 0 .  0 1 4 0 . 1  1 1
UNTT3 7 . 5 8 - 8 . 1 6 0 . 0 6 0 - 0 . 1 3 4
UN IT 4 3 .  18 1 5 . 0 3 0 . 0 2 4 0 .  155
FINAL 5 . 3 2 4 . 2 3 0 .  144 0 . 1 3 6
GEFT2 1 . 7 0 0 . 4  1 0 .  1 69 0 .  04  8
GEFT3 0 . 0 9 0 . 3 0 0 . 0 1 2 0 . 0 5 0
HPT 1 - 9 . 2 1 -  1 8 . 5 1 - 0 . 1 1 5 - 0 . 2 4 4
HPT2 - 1 9 . 4 9 - 8 . 4  1 - 0 . 2 3 9 - C .  116
NS1 2 0 . 0  2 2 0 . 2 4 1 . 0 0 0 1 . 0 0 0
NS2 5 . 3  4 7 . 5  0 0 . 2 8 0 0 . 3 8 3
DB1 3 .  8 8 4 . 7 8 0 .  0 7 4 0 . 3 5 5
DP 2 5 . 2 6 3 . 6 0 0 .  381 0 .  2 4 5
CR1 - 3 . 3 3 - 2 1 . 8 7 - 0 . 0 6 6 - 0 . 3 0 9
CP2 - 0 . 2 0 - 9 . 4  6 - 0 . 0 0 4 - 0 .  1 4 4
PSVR 1 . 0 7 - 1 . 9 5 0 . 081 - 0 .  1 3 6
ATE? 2 . 2 2 - 0 . 3 0 0 .  055 - 0 . 0 0 8
ATKN 3 . 1 1 2 . 4  5 0 . 0 8 0 0 . 0 6 5
CL HP 1 . 2 2 0 . 4 8 0 .  0 6 7 0 . 0 2 5
CLMN 3 . 2 0 3 . 1 6 0 .  129 0 .  1 4 3
PUMP 4 .  59 - 1  . 5 6 0 .  178 - 0 . 0 9 4
PrTHN 6 . 9 9 - 2 . 0 4 0 .  2 9 9 - 0 . 0 9 6
SMDP 0 . 6 7 - 4 . 3 3 0 . 0 4 1 - 0 . 2 3 7
SMDN 3 . 9 7 - 3  . 9 4 0 . 2 1 0 - 0 . 2 1 5
EFMP 4 .  39 0 . 2 6 0 .  185 0 . 0 1 7
EFMN 7 . 2 8 - 1 . 3 0 0 .  2 73 - 0 .  0 6 7
LCTP 0 . 1 7 - 0 . 8 4 0 . 0 2 5 - 0 . 1 1 8
LCTN 0 . 8 1 - 0 . 2  0 0 . 0 8 9 - 0 . 0 2 6
V A R I A T E :  N S 2 fN = 1 3 4 ;  6 2  F E MAL E S  AND 7 2  MAIES)
COVARIANCES COPRELATICNS
' ARI AT E FEMALES MALES FEMALES MALES
OSAT 9 7 . 2 8 6 5 . 9 9 0 .  3 6 6 0 . 1 9 8
VS AT 9 4 .  75 61 . 9 0 0 . 3 2 2 0 . 1 8 6
KSPC - 1 .  36 - 2 . 0 4 - 0 . 0 5 6 - 0 . 0 7 7
HSCA - 1 . 58 3 .  73 - 0 . 1 0 0 0 . 2 2 1
HSPS - 1 . 6 3 3 . 7 4 - 0 . 0 7 3 0 .  1 6 5
RQMA 0 . 2 1 4 . 0 1 0 .  0 0 3 0 . 0 9 3
RQPS 1 . 1 9 4 . 6 1 0 . 0 1 1 0 . 0 3 2
ALG 2 .  31 2 . 2 7 0 .  123 0 . 1 28
TETG - 0 . 3 2 1 . 0 7 - 0 . 0 2 7 0 . 0 9 4
TJNTT1 6 . 32 - 0 . 7 3 0 .  119 - 0 .  0 2 3
UN IT 2 1 0 . 4 8 2 . 8 4 0 . 1 0 2 0 . 0 4 1
UNIT 3 9 . 6 4 - 4 . 3 7 0 .  081 - 0 . 0 7 4
UNTT4 7 . 6 4 6 . 4 7 0 .  0 5 9 0 . 0 6 9
FINAL 7 . 0 8 2 . 7 4 0 . 2 0 2 0 . 0 9 1
GEFT2 2 . 7 5 - 0 . 3 1 0 . 2 8 7 - 0 . 0 3 8
GF,FT3 1 . 5 0 - 0 . 8  9 0 .  2 0 4 - 0 . 1 5 2
HPT1 7 . 3 6 2 . 9 6 0 . 0 9 6 0 . 0 4 0
HPT 2 8 . 5 9 5 . 4 1 0 . 1 1 1 0 . 0 7 7
NS1 5 . 3 4 7 . 5 0 0 . 2 8 0 0 . 3 8 3
NS2 18 .  18 1 8 . 9 6 1 . 0 0 0 1 . 0 0 0
DR 1 9 . 6 0 3 . 1 8 0 .  193 0 . 2 4 4
DR 2 4 .  57 0 . 8 6 0 . 3 4 7 0 . 0 6 0
CP 1 1 1 . 28 8 . 2 8 0 .  2 3 5 0 . 121
CF 2 1 1 . 4 1 0 . 3 3 0 .  2 4 4 0 .  0 0 5
PS VR 1 . 2 0 1 . 0 4 0 . 0 9 6 0 . 0 7 5
AIKP - 1 . 4 8 0 . 2 4 - 0 . 0 3 8 0 . 0 0 7
ATKN 3 . 0 1 0 . 6 9 0 . 081 0 .  0 1 9
CLMP - 0 . 7 8 2 . 1 3 - 0 . 0 4 5 0 . 111
CLMN 1.  56 1 . 7 8 0 . 06 6 0 . 0 8 4
PTTHP 1 . 8 0 1 . 7 2 0 .  0 7 4 0 . 1 0 6
PUMN 1.  64 0 . 8 2 0 . 0 7 4 0 . 0 4 0
SMD? 1 . 3 7 1 . 3 7 0 .  0 8 9 0 . 0 7 8
SKDN 2.  97 - 1  . 0 3 0 .  1 6 5 - 0 .  0 5 8
EFMP 4 . 3 0 0 . 8 2 0 .  191 0 .  0 5 6
EFMN 3 . 9 7 - 0 . 0 1 0 .  1 5 6 0 . 0 0 0
LCIP 0 . 26 0 . 2 0 0.  0 4 0 0 . 0 2 9
LCIN 3 . 7 1 0 . 3 9 0 .  4 2 9 0 . 0 5 3
V A R I A T E :  DR1 (N = 1 3 4 :  6 2  FEMALES AND 7 2  MALES)
COVARIANCES CORRELATIONS






































2 9 .  84  
- 6 7 . 1 8  
9 . 4 3  
- 4 . 4 0
8 . 8 2  
- 8 . 1 5  
- 3 0 . 4 7  
- 3 .  13 
- 5 . 4 2  
- 2 5 . 5 0
9 .  30  
5 . 7 0
3 7 . 4 6
3 . 8 8
1 . 5 3  
0 . 4 9
5 9 . 7 2
2 7 . 3 9
3 . 8 8  
9 . 6 0
1 3 6 . 4 8
- 0 . 4 0
2 8 . 3 1
2 6 . 3  3 
- 3 . 3 9
7 . 2 6
8 . 1 2
0 . 6 2
6 . 5 1
1 0 . 5 7
1 0 . 3 1
6 . 5 9
5 .  10
10 .01
8 . 38  
- 0 . 4 8  
- 4 .  76
6 9 . 6 2
9 5 . 0 0
5 . 1 8  
2 . 3 3  
2 . 9 6  
1 . 5 0  
8 . 8 5
3 . 4 6  
0.  6 4  
3 . 6 9  
4 . 8 4  
4 .  1 9
1 9 . 7 1
6 . 4 7
1 . 3 0  
0 . 2 9
4 . 3 0
6 . 3 2  
4 . 7 8  
3 .1 8 
8 . 9 4
5 . 3 2  
- 6  . 5 5  
- 6 . 3  8
0 . 6 3  
0 . 5 9  
1 . 2  3 
0 . 8  1 
1 . 2  3 
1 . 5 0  
1 . 5 7  
- 1 . 6 4
1 . 4 4
1 . 4 5
1 . 1 8  
0 . 6 3
- 0 . 1 9
0 . 041  
- 0 . 0 8 3  
0 .  14 1 
- 0 . 1 0 1  
0 .  1 4 4  
- 0 . 0 4 9  
- 0 . 1 0 7  
- 0 . 0 6 1  
- 0 . 1 6 5  
- 0 . 1 7 6  
0 . 0 3 3  
0 .  0 1 7  
0 . 1 0 6  
0 .  0 4 0  
0 .  05 8 
0 . 0 2 4  
0 . 2 8 4  
0 ,  129  
0 .  0 7 4  
0 .  193  
1 . 000 
- 0 . 0 1 1  
0 . 2 1 9  
0 .  2 0 5  
- 0 . 0 9 8  
0 . 0 6 8  
0 . 0 8 0  
0 .  0 1 3  
0 . 100 
0 . 1 5 7  
0 .  169  
0 .  156  
0 . 1 0 3  
0 . 162  
0 .  1 2 0  
- 0 . 0 2 7  
- 0 . 2 0 1
MALES
0 . 3 0 4  
0 . 4 1 6  
0 .  2 8 3  
0 . 2 0 2  
0 . 1 9 1  
0.  0 5 1  
0 . 0 8 9  
0 . 2 8 5  
0 . 0 8 2  
0 . 1 6 5  
0. 102  
0 .  1 0 3  
0 . 3 0 6  
0 .  3 1 3  
0 . 2 2 9  
0 . 0 7 2  
0 . 0 8 5  
0 . 1 3 1  
0 . 3 5 5  
0 . 2 4 4
1 . 0 0 0  
0 . 5 4 5  
- 0 .  1 3 9  
- 0 . 1 4 7  
0 . 0 6 6  
0 . 0 2 4  
0 . 0 4 9  
0 . 0 6 2  
0 . 0 8 4  
0 . 1 3 5  
0 . 1 1 2  
- 0 .  1 3 5  
0 . 1 1 8  
0 . 1 4 3  
0 . 0 9 2  
0 . 1 3 3  
- 0 . 0 3 8
V A R I A T E : CM = 1 3 4 ;  6 2  F EMALES  AND 7 2  MALES)
UUViiK IflNLfiS (J (IK K ii L A J 1 v.
VARIATE f e m a l e s MALES FEMALES MALES
OSAT 1 0 3 . 3 7 9 0 . 1 6 0 .  5 3 7 0 .  3 6 0
VS AT 5 0 . 8 6 5 6 . 3 3 0 . 2 3 8 0 . 2 2 6
HSPC - 0 .  40 1 . 6 8 - 0 . 0 2 3 0 . 0 8 4
HSCA 0 . 8 2 - 0 . 4 0 0 .  071 - 0 . 0 3 2
HSPS - 0 . ^ 3 - 1 . 6 0 - 0 . 0 4 5 - 0 . 0 9 4
ROMA 5 . 2 7 0 . 7 0 0 . 1 2 0 0 . 0 2 2
RQPS 7 . 5 8 1 5 . 6 5 0 . 1 0 0 0 .  144
ALG 3 . 8 4 3 . 0 6 0 . 2 8 1 0 . 2 3 1
TRIG 0 . 5 2 1 .1 9 0 . 0 6 0 0 . 1 3 9
UNT'T’I 8 . 2 4 6 . 4 9 0 .  2 1 5 0 . 2 6 6
IIMIT2 2 0 . 8 7 1 2 . 9 2 0 . 2 8 0 0 . 2 4 9
DM IT 3 2 2 . 0 6 11 . 5 3 0 . 2 5 5 0 . 2 6 0
UNT 2 1 .  13 2 4 . 0 1 0 . 2 2 7 0 . 3 4 1
FTNAL 7 .  32 1 0 . 7 3 0 .  2 8 7 0 . 4 7 4
GEFT2 2 . 1 7 0 . 2 2 0 . 3 1 2 0 . 0 3 6
GEFT3 2 . 0 1 - 0 . 1 4 0 . 3 7 6 - 0 . 0 3 1
HPT1 10.  33 - 5 . 1 7 0 .  1 9 5 - 0 .  0 9 4
HPT2 1 2 . 9 0 4 . 0 2 0 . 2 2 9 0 . 0 7 6
NS1 5 . 2 6 3 . 6 0 0 .  381 0 . 2 4 5
NS2 4 . 5 7 0 . 8 6 0 .  3 4 7 0 .  06 0
DR 1 - 0 . 4 0 5 . 3 2 - 0 . 0 1 1 0 .  5 4 5
DP2 9 . 5 5 1 0 . 6 8 1 . 0 0 0 1 . 0 0 0
CR1 1.  32 2 . 0 0 0 .  0 3 8 C . 0 3 9
CP 2 1 . 7 9 6 . 2 8 0 . 0 5 3 0 .  1 32
PS VR 0 . 7 8 0 . 8 6 0 . 0 8 5 0 . 0 8 3
ATKP 2.  85 4 . 7 8 0 .  1 0 2 0 . 1 7 6
AIKN 6 . 2 6 5 . 3  9 0 . 2 3 4 0 .  197
CI.MP 2 . 0 0 1 . 5 3 0 .  159 0 . 1 0 7
CLMN 4 .  88 4 . 4 2 0 .  2 8 4 0 . 2 7 6
PUMP 3.  28 2 .  14 0 .  185 0 .  176
PUMN 4 . 1 1 - 0 . 0 4 0 . 2 5 4 - 0 . 0 0 3
SMDP 0 .  90 - 1 . 4 2 0 . 031 - 0 .  1 07
SMDN 3 . 6 9 1 . 3 0 0 .  2 8 3 0 . 0 9 8
EFMP 4 . 0 1 2 . 2  3 0 . 2 4 5 0 . 2 0 1
EFMN 4.  45 2 . 2 3 0 .  2 4 2 0 .  159
LCTP 1.  14 0 . 2 4 0 .  2 4 3 0 . 0 4 6
LCIN 2 . 4 2 - 0 . 1 6 0 . 3 8 6 - 0 . 0 3 0
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V A R I A T E :  CP.1 r »  = 1 3 4 ;  6 2  F E MAL E S  AND 7 2  H AL E S )
COVARIANCES COBBELATICNS






































4 5 . 8 0
1 6 6 . 1 4
- 5 . 4 4
- 0 . 5 2
1 1 . 7 2
8 . 9 4  
- 1 9 . 6 1
9 . 2 6
2 . 9 5  
16.  18
4 7 . 8 2
5 4 . 9 6  
5 6 .  14
1 6 . 6 6
5 . 1 4  
4 .  7 7  
6 3 . 0 7
6 5 . 1 1  
- 3 .  33
1 1 . 28
2 8 . 8 1
1 . 3 2
1 2 6 . 4 1
7 8 . 3  8
3 . 7 3
1 4 . 0 0  
0 . 3 1
5 . 9 2
7 . 8 2
2 .  36
4 .  13 
6 . 5 8
6 . 5 6
1 . 5 7  
- 0 . 5 7
2 .  54  
0 .  34
9 7 . 6 5  
- 2 1 9 . 5 8  
- 6 . 2 7  
- 0 . 4 8
1 6 . 0 1
2 2 . 3 0
1 5 6 . 4  9 
- 4 . 3 1  
1 . 22
1 3 . 8 5  
3 4 . 9 9
1 . 4 6
9 . 1 4  
7 .  1 2 
1 . 9 6  
- 0 . 4  3
8 1 . 4 0
5 7 . 5 4  
- 2 1  . 8 7
8 . 2 8  
- 6 . 5 5
2 . 0 0
2 4 8 . 0 9
1 7 4 . 1 5
15 . 9 3  
1 8 . 4 7
1 . 7 6  
0 . 3 9  
. - 0 . 7 9
16 . 2 8  
17 . 0 8
8 . 5 8
1 2 . 8 4  
13 . 7 6
2 2 . 0 2  
- 1  . 9 6  
- 0 . 9 0
0 . 0 6 5  
0 . 2 1 4  
- 0 . 0 8 5  
- 0 . 0 1 2  
0 .  199  
0 . 0 5 6  
- 0 . 0 7 1  
0 .  186  
0 . 0 9 3  
0 . 116  
0 .  176  
0 .  174  
0 .  166  
0 . 1 8 0  
0 . 2 0 4  
0 .  2 4 6  
0 .  3 1 2  
0 . 3 1 8  
- 0 . 0 6 6  
0 . 2 3 5  
0 . 2 1 9  
0 . 0 3 8
1 . 0 0 0  
0 . 6 1 1  
0 . 112 
0 .  137  
0 .  0 0 3  
0 .  129  
0 .  125  
0 .  0 3 7  
0 . 0 7 0  
0 . 162  
0 .  138  
0 . 0 2 6  
- 0 . 0 0 3  
0 .  148  
0 . 0 3 7
0 . 0 7 3  
- 0 . 1 8 3  
- 0 . 0 6 5  
- 0 . 0 0 8  
0 .  1 9 6  
0 . 1 4 4  
0 . 2 9 9  
- 0 . 0 6 7  
0 . 0 3 0  
0 . 1 1 8  
0 .  140  
0 . 0 0 7  
0 . 0 2 7  
0 . 0 6 5  
0 . 0 6 6  
- 0 . 0 2 0  
0 .  3 0 6  
0 . 2 2 6  
- 0 . 3 0 9  
0 . 1 2 1  
- 0 . 1 3 9  
0 . 0 3 9
1 . 0 0 0  
0 . 7 5  9 
0 . 3 1 8  
0 . 1 4 1  
0 . 0 1 3  
0 . 0 0 6  
-  0. 010  
0 . 2 7 8  
0 .  231  
0 . 1 3 4  
0.  2 0 0 
0.  2 5 8
0 . 3 2 5  
-  C. 0 7 9  
- 0 . 0 3 4










































5 5 . 4 2
- 1 4 . 4 2
4 .  53
1 . 3 2
5 .  9 5  
- 3 0 . 3 3  
- 4 3 . 7 5
9 . 4 5  
- 0 . 28
1 2 . 4 6  
3 1 .  1 8
4 7 . 2 3
4 8 . 1 8
7 . 4 8
2 . 8 6
4 . 4 6
7 4 . 9 2
5 9 . 2 3  
- 0 . 2 0
1 1 . 4 1  
2 6 .  3 3
1.  79
7 5 . 3  8 
1 2 0 .  34
3 .  1 3
1 6 . 4 9
1 1 . 8 3
4 . 6 8
1 1 . 0 4  
2 . 6 6
4 .  82
3 . 8 2
2 . 7 3  
0 . 2 1  
0 .  10
4 . 5 4
6 .  00
MAL ES
1 0 1 . 1 5  
- 1  3 6 . 8  9
- 5 . 4 4  
- 7 . 0 5  
8 . 1 3
2 0 . 3 7
7 5 . 6 7  
- 1 4 . 1 5  
- 2 . 9 9  
8 . 1 6
1 4 . 4 9  
- 1 . 0 3
7 . 4 8  
4 . 2  0
1 . 8 4  
- 0 . 1 5  
1 5 . 9 7  
2 2 .  7 2  
- 9  . 4 6  
0 . 3 3  
- 6 . 3 8  
6 . 2 8
1 7 4 . 1 5  
2 1 1 . 9 7
1 5 . 2 3  
- 0 . 8 6  
- 1 9 . 5 7  
- 7 . 3  5 
- 4  .3 0
7 . 7 3  
4 . 6 4  
0 . 4 2
4 . 5 3
6 . 3  1 
12 . 7 7  
- 1 . 5 4  
- 4 . 1 5
FEMALES
0 . 081  
- 0 . 0 1 9  
0 . 0 7 2  
0 . 0 3 2  
0 .  1 0 4  
- 0 .  198  
- 0 . 1 8 2  
0 .  1 9 5  
- 0 . 0 0 9  
0 .  0 92  
0 . 118  
0 .  153  
0 .  146  
0 . 0 8 3  
0 . 116  
0 . 2 3 6  
0 . 3 8 0  
0 .  2 9 6  
- 0 . 0 0 4  
0 . 2 4 4  
0 .  2 0 5  
0 .  0 5 3  
0 . 6 1 1
1 . 0 0 0  
0 .  0 9 7  
0 . 166  
0 .  1 25  
0 .  105  
0 . 181  
0 . 0 4 2  
0 .  0 8 4  
0 . 0 9 7  
0 . 0 5 9  
0 .  0 0 4
0 . 0 0 2  
0 . 2 7 1  
0 .  2 6 9
MALES
0 . 0 9 1  
- 0 .  1 23  
- 0 . 0 6 1  
- 0 . 1 2 5  
0 . 1 0 8  
0 .  1 4 2  
0 . 1 5 7  
- 0 . 2 3 9  
- 0 .  0 7 9  
0 . 0 7 5  
0 .  0 6 3  
- 0 . 0 0 5  
0 . 0 2 4  
0 .  0 4 2  
0.  0 6 7  
- 0 . 0 0 8  
0 . 0 6 5  
0 . 0 9 6  
- 0 . 1 4 4  
0 . 0 0 5  
- 0 . 1 4 7  
0 . 1 3 2  
0 . 7 5 9
1 . 0 0 0  
0 . 3 2 9  
- 0 . 0 0 7  
- 0 . 1 6 1  
- 0 . 1 1 5  
- 0 . 0 6 0  
0 .  1 4 3  
0 . 0 6 8  
0 . 0 0 7  
0.  0 7 6
0 . 1 2 8
0 .  2 0 4  
- 0 . 0 6 7  
- C . 1 7 0
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VAR TAT E :  P S  VP f IT = 13  4 ;  6 2  F E MA L E S  ANT) 7 2  M A I E S )
COVARIANCES CORRELATIONS
rART ATE F FMALES MALES FEMAL ES MALES
OSAT 8 2 . 0 9 6 6 . 3 3 0 . 4 4 6 0 . 2 7 2
VSAT 4 3 . 5 9 3 9 . 1  3 0 . 2 1 4 0 . 1 6 1
HSPC 0 . 3 1 0 . 3 0 0 . 0 1 8 0 . 0 1 6
HSCA 2 . 0 2 0 . 1 3 0 .  183 0 . 0 1 1
HSPS 0 . 4 4 0 .  7 4 0 . 0 2 8 0 . 0 4 5
ROMA 2 . 3 3 - 0 . 0 7 0 . 0 5 6 - 0 . 0 0 2
RQPS 2 0 .  '42 2 6 . 5  3 0 . 2 8 2 0 . 2 5 2
ALG 1 . 7 7 - 0 . 9 6 0 .  135 - 0 . 0 7 5
TRIG 1 . 6 6 0 . 8  1 0 .  199 0 . 0 9 8
UN IT 1 4 . 5 8 0 . 7 9 0 .  1 25 0 . 0 3 3
UNT * 2 1 4 . 8 2 0 . 3 7 0 . 2 0 8 0 . 0 0 7
UNIT3 0 . 9 1 - 2 . 6 3 0 . 0 1 1 - 0 . 061
UNTT4 - 4 . 4 0 - 1  . 9 5 - 0 . 0 4 9 - 0 . 0 2 8
FINAL 0 . 7 2 1 . 4 7 0 . 0 2 9 0 . 0 6 7
GEFT2 2 . 7 0 0 . 1 3 0 . 4 0 7 0 . 0 2 1
GEFT3 1 . 4 2 0 . 3 1 0 . 2 7 8 0 . 0 7 3
HPT 1 8 . 7 5 2 . 1 2 0 . 1 6 4 0 . 0 3 9
HPT2 1 4 . 3 5 2 . 1 7 0 . 2 6 6 0 . 0 4 2
NS1 1 . 0 7 - 1 . 9 5 0 . 081 - 0 . 1 3 6
NS 2 1 . 2 0 1 . 0 4 0 .  096 0 . 0 7 5
DR 1 - 3 . 3 9 0 . 6  3 - 0 . 0 9 8 0 . 0 6 6
DR 2 0 . 7 8 0 . 8 6 0 . 0 8 5 0 . 0 8 3
CR1 3 . 7 3 1 5 . 9 3 0 . 1 1 2 0 . 3 1 8
CR2 3 .  13 1 5 . 2 3 0 .  0 9 7 0 . 3 2 9
PS VP. 8 . 7 4 1 0 . 12 1 . 0 0 0 1 . 0 0 0
AIKP 0 . 2 4 4 . 8 2 0 .  0 0 9 0 . 1 8 2
AT KN 1 . 7 4 3 . 4 2 0 . 0 6 8 0 . 1 2 8
CLMP 3 . 4  3 2 . 7 2 0 . 2 8 5 0 .  195
CLMN 2 . 0 0 2 . 4 1 0 . 1 2 2 0 . 1 5 4
PUMP 0 . 1 2 2 . 8 1 0 . 0 0 7 0 . 2 3 8
PUM.N 2 . 7 5 1 . 4 1 0 .  178 0 . 0 9 4
SMDP - 0 .  42 - 1  . 5 9 - 0 . 0 3 9 - 0 . 1 2 3
SM DM 1 . 0 9 0 . 3  9 0 . 0 8 7 0 . 0 3 0
EFMP - 0 . 7 4 2 . 3 3 - 0 . 0 4 8 0 . 2 1 6
EFMN 1.  19 0 . 7 5 0 . 0 6 8 0 . 0 5 5
LCIP 0 . 6 6 - 0 . 0 7 0 .  146 - 0 . 0 1 4
T.CTN 1 . 10 - 0 . 4 8 0 . 182 - 0 . 0 8 9
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V AH I  AT E:
VaRTfl.TE
ATKP (N = 1 3 4 ;  62 FEMALES AND 7 2  MAIES)  
COVAP.TANCES COREEL ATIONS






































1 8 6 . 6 0
- 8 5 . 6 3
1 4 . 7 7
1 3 . 2 9  
5 . 4 4
6 0 .  24  
- 3 3 . 3 9  
2 0 . 5 9  
4 . 4 7  
5 0 . 6 9  
1 1 0 . 4  6 
8 9 . 2 7  
1 2 1 . 1 5  
1 9 . 9 5  
2 . 2 3  
1 . 6 4  
2 8 . 5 7  
1 . 1 3  
2 . 2 2  
- 1 . 4 8  
7 . 2 6  
2 . 8 5  
1 4 . 0 0  
1 6 . 4 9  
0 . 2 4  
8 2 . 4 5  
5 7 . 6 6  
2 9 . 2 0
3 8 . 2 9  
2 7 .  60  
2 6 . 3  5 
1 2 . 8 9
6 . U 5  
3 2 . 0 7  
3 1 . 5 6  
4 .  7 7  
- 0 . 9 9
2 4 3 . 9 8  
- 6 6 . 2  6
1 5 . 4 2  
8 . 8  1 
6 . 0 2
1 9 . 9 1  
3 4 . 9  8 
9 . 4 9  
2 . 4  7
1 6 . 4 6  
2 9 . 6 2  
2 3 . 1 7  
3 9 . 7 1  
2 3 . 2  8 
- 0 . 4 6  
- 0 . 0 1  
13.  32  
- 2 . 4 0  
- 0 . 3 0
0 . 2 4  
0 . 5 9  
4 . 7 8
1 8 . 4 7  
- 0 . 8 6
4 . 3 2  
6 9 .  15  
4 9 . 2 0  
23  . 3 0  
2 4 .  8 5  
13.  02  
13 .1 7 
- 6 . 9 2  
1 . 0 1
2 2 . 4 3  
2 1 . 2 7
0 . 4 5  
1 . 6 8
0 .  3 3 0  
- 0 . 1 3 6  
0 .  2 8 5  
0 . 3 9 3  
0 . 1 1 4  
0 .  4 6 7  
- 0 .  150  
0 . 5 1 3  
0 . 1 7 5  
0 .  4 50  
0 .  5 0 4  
0 . 3 5 0  
0 .  4 4 3  
0 .  2 6 7  
0 .  1 09  
0 .  105  
0 .  175  
0 . 0 0 7  
0 . 0 5 5  
- 0 . 0 3 8  
0 . 063  
0 .  102  
0 .  137  
0 . 1 6 6  
0 . 0 0 9  
1 . 0 0 0  
0 .  7 3 3  
0 . 7 9 0  
0 . 7 5 8  
0 .  5 2 8  
0 . 5 5 5  
0 . 3 9 3  
0 . 168  
0 . 6 6 8  
0 . 5 8 5  
0 .  3 4 4  
• 0 . 0 5 4
0 . 3 8 3  
- 0 . 1 0 4  
0 . 3 0 3  
C . 2 7 4  
0 . 1 4 0  
0 . 2 4 3  
0 . 1 2 7  
0 .  2 81  
0 . 1 1 4  
0 . 2 6 5  
0 . 2 2 5  
0 . 2 0 5  
0 . 2 2 1  
0 . 4 0 5  
- 0 . 0 2 9  
- 0 . 0 0 1  
0 . 0 9 5  
- 0 . 0 1 8  
- 0 . 0 0 8  
0 . 0 0 7  
0 . 0 2 4  
0 .  1 7 6  
0.  141  
- C . 0 0 7  
0 . 182  
1 . 0 0 0  
G. 7 0 7  
0 . 7 7 6  
0 . 6 1 0  
0 . 4 2 2  
0.  3 3 7  
- 0 . 2 0 2  
0 . 0 3 0  
0 . 7 9 6  
0 . 5 9 5  
0 . 0 3 4  
0 . 120
:
V A R I A T E :  ATKN ( N = 1 3 4 ;  6 2  FEMALES AND 7 2  MALES)
COV ARIANCES CORRELATIONS
rAH TATE FEMALES M AL ES FEMALES MALES
OS AT 2 2 6 . 1 7 2 7 2 . 1 7 0 . 4 1 9 0 . 4 2 4
VS AT - 1 0 2 .  13 4 1 . 9 2 - 0 . 1 7 1 C. 0 6 6
HS^C 1 3 . 2 8 7 . 9 7 0 . 2 6 8 0 .  156
HSCA 1 2 . 5 5 4 . 5 1 0 . 3 8 9 0 . 1 3 9
HSPS 2 .  76 2 . 0 3 0 . 061 C.  0 4 7
ROM A 5 4 . 3 9 12 . 9 5 0 .  442 0 .  1 57
ROPS - 1 . 3 2 1 9 . 6 2 - 0 . 0 0 6 0 . 0 7 1
ALG 1 2 . 7 7 8 . 9 8 0 .  3 3 4 G . 2 6 4
TRIG 3 . 0 5 4 . 5 4 0 .  1 2 5 0 . 2 0 8
UNIT 1 3 7 . 7 3 7 . 3 6 0 . 3 5 1 0 . 1 1 8
ONTT2 1 1 3 . 3 8 2 5 . 9 2 0 .  5 4 2 0 .  1 9 5
UNIT3 5 8 .  20 2 4 .  5 0 0 .  2 3 9 0 . 2 1 6
UNIT4 1 0 5 . 4 3 3 . 0 7 0 . 4 0 4 0 . 0 1 7
FINAL 2 2 . 8 2 1 6 . 4 5 0 . 3 2 0 0 . 2 8 4
GEFT2 3 . 5 5 1 . 5 7 0 . 18 2 0 . 0 9 9
GEFT3 1 . 6 2 1 . 1 3 0 . 1 0 9 0 . 1  04
HPT 1 2 4 . 9 0 1 8 . 9 3 0 .  160 0 . 1 3 4
RPT2 ? .  18 1 0 . 1 8 0 . 0 5 8 0 . 0 7 5
NS1 3 .  11 2 . 4 5 0 . 0 8 0 0 . 0 6 5
NS2 3 . 0 1 0 . 6 9 0 . 0 8  1 0 . 0 1 9
DP 1 8 . 1 2 1 . 2 3 0 . 0 8 0 0 . 0 4 9
DR2 6 . 2 6 5 . 3  9 0 .  2 3 4 0 . 1 9 7
CF 1 0 . 3 1 1 . 7 6 0 . 0 0 3 0 . 0 1 3
CP2 1 1 . 8 8 -  1 9 . 5 7 0 .  1 2 5 - 0 . 1 6 1
PS VP 1 . 7 4 3 . 4 2 0 . 0 6 3 0 . 1 2 8
AIKP 5 7 . 6  6 4 9 . 2 0 0 . 7 3 3 0 . 7 0 7
ATKN 75 . 0 8 7 0 . 0 2 1 . 0 0 0 1 . 0 0 0
CI.MP 2 2 . 10 2 5 . 6 8 0 . 6 2 6 0 . 6 9 9
CL MM 4 4 . 0 8 3 5 . 3  4 0 .  9 1 5 0 . 8 6 2
PUMP 2 7 . 8 3 1 1 . 6 7 0 . 5 5 8 0 . 3 7 6
PUMN 2 4 . 3 2 13 . 4  5 0 . 5 3 7 0 . 3 4 2
SMDP 3 . 3 7 - 4 .  9 0 0 .  1 2 4 - 0 .  1 44
SMDN 12.  30 2 . 3 5 0 .  3 3 6 0 . 0 6 9
EFMP 2 7 . 2 6 1 5 . 4 5 0 . 5 9 5 0 . 5 4 5
efmn 3 5 . 7 3 1 6 . 6 8 0 .  6 9 2 0 . 4 6 4
LCTP 3 . 7 4 2 . 3 2 0 .  2 8 3 0 . 1 7 6
LCTM 0 . 6 4 2 . 51 0 . 0 3 6 0.  178
V A R I A T E :  CLMP ( H =  1 3 4 ;  6 2  FEMALES AND 7 2  MALES)
COVARIANCES CORRELATIONS






































1 0 8 . 5 1  
1 . 0 6  
6 .  11
7 .  17
2 . 3 1
2 5 . 4 9  
- 2 . 8 4
8 . 7 3  
2 .  86
2 4 . 5 7
5 4 . 0 5
4 2 . 7 2  
5 4 .  35  
1 2 . 2 5
1.  8 7
1.  46
1 4 . 4 2
6 . 8 4
1 . 2 2  
- 0 . 9 8  
0 . 6 2
2 . 0 0
5 . 9 2
4 . 6 8
3 .  43 
2 9 .  20 
2 2 . 1 0
1 6 . 5 8  
15.  4 7  
10 . 12 
10. 12
4 . 3 3
2 . 6 0
1 1 . 3 4
1 0 . 9 6
2 .  31 
- 0 . 6 9
8 5 . 2 2  
29  . 7 0  
4 . 7 5  
3 . 6 4  
4 . 0 7  
1 0 . 8 0  
3 . 9  2
1 . 5 2  
0 . 5 7  
2 . 4 2
2 . 9 9  
1 0 . 7 6
0 . 6 2  
6 . 3  5 
0 . 7 2  
1 . 3 0  
6 . 1 9  
- 0 . 6 6  
0 . 4 8  
2 .  13  
0 . 8  1
1 . 5 3  
0 . 3 9
- 1 . 3 5
2 . 7 2  
2 8 . 3  0 
2 5 . 6  8 
1 9 . 2 5  
1 4 . 8 9
6 . 1 4  
7  . 4 0  
- 3 . 8 4  
2 . 4 9  
9 . 2 1  
8 . 7 2  
1 . 0 7  
0 .  5 4
0 .  4 2 8  
0 .  0 0 4  
0 .  26 3 
0 . 4 7 2  
0 .  1 0 8  
0 .  4 4 1  
- 0 . 0 2  3 
0 . 4 8 5  
0 .  2 5 0  
0 .  4 8 7  
0 . 5 5 0  
0 .  3 7 4  
0 .  4 4 3  
0 . 3 6 5  
0 .  2 0 4  
0 .  2 0 9  
0 .  197  
0 .  092  
0 .  0 6 7  
- 0 . 0 4 5  
0 .  013  
0 .  159 
0 .  1 29  
0 .  1 0 5  
0 .  2 8 5  
0.  7 9 0  
0 .  6 2 6  
1 . 0 0 0  
0 . 6 8 3  
0 .  4 3 2  
0 . 4 7 6  
0 . 2 9 5  
0 .  151 
0 .  5 2 7  
0 . 4 5 2  
0 .  3 71  
- 0 . 0 8 3
0 . 2 5 3  
C.  0 8 9  
0 .  1 7 7  
0 . 2 1 4  
0 . 1 7 9  
0 . 2 5 0  
0 . 0 2 7  
0 . 0 8 5  
0 . 0 4 9  
0 . 0 7 4  
0 . 0 4 3  
0 . 1 8 1  
0 . 0 0 7  
0 . 2 0 9  
0 . 0 8 6  
C. 2 2 0  
0 . 0 8 4  
- 0 . 0 0 9  
0 . 0 2 5  
0 . 111 
0 . 0 6  2 
0 . 1 0 7  
0 . 0 0 6  
- 0 . 1 1 5  
0 .  1 9 5  
0 . 7 7 6  
0 . 6 9 9
1 . 0 0 0  
0 . 6 9 2  
C . 3 7 7  
0 .  3 59  
- 0 . 2 1 6  
0 . 1 3 9  
0 . 6 1 9  
0 . 4 6 2  
0 .  154  
0 . 0 7 3
VA.HI ATE: CL HU (N = 1 3 4 ;  6 2  FEMALES AND 7 2  MALES)
COVARIANCES ’ CORRELATIONS
7ARIATE FEMALES M AL ES FEMALES MALES
QSAT 1 7 8 . 0 9 1 5 6 . 1 6 0 .  5 14 0 . 4 1 5
VS AT - 2 3 . 1 9 8 8 . 2  9 - 0 . 0 6 0 0 . 2 3 6
HSPC 8 . 2 8 5 . 1 6 0 . 2 6  1 0 .  1 7 2
HSCA 9 . 5 1 0 . 1 1 0 . 4 5 9 0 . 0 0 6
HSPS 4 . 4 8 0 . 8 2 0 .  154 0 . 0 3 2
ROMA 3 1 . 8 8 3 . 0 5 0 . 4 0 4 0 . 0 6 3
ROPS - 8 . 7 5 8 . 2 6 - 0 . 0 6 4 0 . 0 5 1
ALG 10.  73 3 . 4 9 0 .  4 3 7 C. 1 7 5
TRIG 3 . 3 5 2 . 1 8 0 .  2 1 4 0 . 1 7 0
HNIT1 2 8 . 8 9 3 . 5 4 0 . 4 1 9 0 . 0 9 7
UNIT2 7 5 . 5 4 4 . 6  1 0 .  5 6 3 0 . 0 5 9
UNIT3 5 2 . 2 5 5 . 1 7 0 . 3 3 5 0 . 0 7 8
HNTT4 8 3 . 4 3 - 2 . 8 0 0 . 4 9 8 - 0 . 0 2 6
FINAL 1 6 . 5 5 6 . 1 1 0 . 3 6  1 0 . 180
GEFT2 2.  27 1 . 1 3 0 . 182 0 .  1 2 7
GEFT3 1 . 8 5 1 . 1 3 0 .  193 0 . 1 7 9
HPT 1 1 8 . 9 7 6 . 3 6 0 . 1 9 0 0 . 0 7 7
HPT2 4 . 2 7 3 . 3 7 0 . 0 4 2 0 . 0 4 2
NS1 3 . 2 0 3 . 1 6 0 .  129 0 . 1 4 3
NS2 1.  56 1 . 7 3 0 . 0 6 6 0 . 0 8 4
DR1 6 . 5 1 1 . 2 3 0 . 1 0 0 0.  0 8 4
DR2 4 . 8 8 4 . 4 2 0 .  23 4 G . 2 7 6
CP.1 7 . 8 2 -  C . 7 8 0 . 1 2 5 - 0 . 0 1 0
CR2 1 1 . 0 4 - 4 . 3 0 0 . 131 - 0 . 0 6 0
PS VR 2 . 0 0 2 . 4  1 0 . 1 2 2 0 . 1 5 4
AIKP 3 8 . 2 9 24 . 8 5 0 . 7 5 8 0 . 6 1 0
ATKN 4 4 . 0 8 3 5 . 3  4 0 . 9 1 5 0 . 8 6 2
CLMP 15.  4 7 1 4 . 8 9 0 .  6 8 3 0 . 6 9 2
CLMN 3 0 . 9 2 2 4 . 0 3 1 . 0 0 0 1 . 0 0 0
PUMP 2 0 .  19 6 . 6 9 0 . 6 3 1 0 . 3 6 8
PTTMN 16.  66 7 . 2 4 0 .  573 0 . 3 1 4
SM DP 5 . 7 5 - 3 . 0 1 0 . 2 3 6 - 0 .  151
SHDN 9 .  11 2 . 9 2 0 .  388 0 . 1 4 6
EFMP 2 0 . 3 4 8 . 0 6 0 . 6 9 2 0 . 4 8 5
EFMN 2 4 .  44 1 0 . 1 8 0 . 7 3 8 0 . 4 8  3
LCTP 3 . 3 7 1 . 0 2 0 .  3 9 7 0 . 1 3 1
LCIN 0 . 2 6 0 . 6 3 0 . 0 2 3 0. 0*77
V A R I A T E :  POMP {N = 1 3 4 ;  6 2  F E M A L E S  AND 7 2  N A I E S )
COVARIANCES COPRELATTCNS
f  AF.IAT E FEMALES MALES FEMALES MALES
OS AT 1 1 3 . 0 6 7 9 . 2 4 0 .  316 C . 2 7 8
VS AT - 6 2 . 2 9 - 1 5 . 0 1 - 0 . 1 5 7 - 0 . 0 5 3
HSPC 1 0 . 0 3 0 . 16 0 . 3 0 5 0 . 0 0 7
HSCA 7 . 4 2 1 . 8 8 0 .  3 4 6 0 . 1 3 1
HSPS 0 . 2 3 4 . 3 5 0 . 0 0 7 0 . 2 2 6
PQM A 2 7 . 6 5 1 6 . 6 8 0 .  3 3 9 0 . 4 5 6
PQ^S 2 8 . 6 7 5 6 .  16 0 .  2 0 4 0 . 4 5 6
ALG 1 1 . 0 7 1 . 2 4 0 . 4 3 6 0 . 0 8 2
TRIG 5 . 3 6 2 . 9 1 0 . 3 3 1 0 . 3 0 2
UNTT1 2 4 . 0 5 1 . 8 5 0 .  3 3 7 0 . 0 6 7
ON IT 2 4 8 . 3 4 13 . 7 7 0 . 3 4 8 0 . 2 3 4
0NI T3 5 7 . 1 9 5 . 7 6 0 . 3 5 5 0 . 1 1 4
IJNTm4 6 5 . 2 4 5 . 4 7 0 .  3 7 6 0 . 0 6 8
FINAL 1 8 . 5 4 2 . 5 5 0 .  391 0 . 0 9 9
GEFT2 1 . 1 9 - 0 . 9 0 0 .  0 9 2 - 0 . 1 2 8
GEFm3 1 . 7 4 - 1  . 2 2 0 .  176 - 0 .  2 4 4
HPT1 9 .  11 7 . 5 2 0 . 0 8 8 0 . 1 2 0
HPT 2 6 . 5 1 1 . 7 4 0 . 0 6 2 0 . 0 2 9
NS 1 4 . 5 9 - 1  . 5 6 0 .  178 - 0 . 0 9 4
NS2 1 . 8 0 1 . 7 2 0 .  0 7 4 0 . 106
DP 1 1 0 . 5 7 1 . 5 0 0 . 1 5 7 0 . 1 3 5
DP2 3 . 2 8 2 . 1 4 0 .  185 0 . 1 7 6
CP 1 2.  36 1 6 . 2 3 0 . 0 3 7 0 .  2 7 8
CR2 2 . 6 6 7 . 7 3 0 . 9 4 2 0 .  143
n S VR 0 . 1 2 2 . 81 0 . 0 0 7 0 . 2 3 8
atkp 2 7 , 6 0 13.  0 2 0 .  5 2 8 0 . 4 2 2
AIKN 2 7 .  33 1 1 . 6 7 0 .  5 5 8 . 0 . 3 7 6
CL HP 1 0 . 1 2 6 . 1 4 0 . 4 3 2 0.  3 7 7
CLMN 2 0 .  19 6 . 6 9 0 . 6 3 1 0 . 3 6 8
POMP 3 3 . 0 7 1 3 .  78 1 . 0 0 0 1 . 0 0 0
PHMM 2 3 .  29 13 . 3 1 0 . 7 7 5 0 . 7 6 2
SHDP 0 . 8 4 1 . 7 2 0 . 4 7 4 0 . 1 1 4
SMDN 5 .  83 2 . 9 2 0 .  2 4 0 0 . 1 9 3
EFMP 2 2 . 7 9 5 . 6 1 0 . 7 5 0 0.  4 4 6
EF^N 2 2 . 3 1 7 . 1 1 0 . 6 6 6 0 . 4 4 6
LCIP 1 . 1 7 0 . 0 6 0 .  133 C . 0 1 0
LCIN - 1 . 5 9 0 . 8 8 - 0 . 1 3 6 0 .  141
V A R I A T E :  PUMN (N = 1 3 4 ;  6 2  FEMALES AND 7 2  MALES)
COVARIANCES CORRELATIONS
rAPTATE FEMALES M AL ES FEMALES MALES
OSAT 1 0 2 .  70 4 0 . 7 1 0 .  3 1 6 0 . 1 1 3
VSAT - 5 9 . 4 6 - 2 1 . 4 4 - 0 . 1 6 5 - C . 0 6 0
HSPC 1 1 . 4 7 - 4  . 0 2 0 . 3 8 5 - 0 . 1 4 0
HSCA 5 . 5 2 - 0 . 8 7 0 . 2 3 4 - 0 . 0 4 8
HSPS - 0 . 2 1 5 . 3 9 - 0 . 0 0 8 0 . 2 2 1
RQM A 2 7 . 7 3 1 9 . 2 3 0 .  3 7 4 0 . 4 1 6
RQPS 2 7 . 9 7 6 1 . 3 9 0 . 2 1  9 0 . 3 9 3
ALG 9 . 3 0 1 . 7 0 0 .  4 0 3 0 . 0 8 9
TRIG 5 . 1 5 2 . 1 6 0 .  3 50 0 .  176
UNIT 1 2 2 . 8 5 2 . 0 3 0 .  3 53 0 . 0 5 8
TJNTT2 3 3 . 1 9 1 . 3 1 0 .  30 3 0 . 0 1 8
UNTT3 4 1 . 6 9 - 0 . 3  4 0 .  2 8 4 - 0 . 0 0 5
UNI 74 3 4 . 4 2 0 . 9 0 0 . 2 1 9 0 . 0 0 9
FINAL 16 .  80 - 2 . 5 2 0 .  3 9 0 - 0 . 0 7 7
GEFT2 2 . 2 7 0 . 8 2 0 .  19 3 0 . 0 9  3
GE FT 3 1 . 9 0 - 0 . 2 9 0 . 2 1 1 - 0 . 0 4 6
HPT 1 1 9 . 7 4 14 . 7 4 0 . 2 1 0 0 . 1 8 6
HPT2 6 . 0  1 3 . 2  6 0 . 0 6 3 0 . 0 4 3
NS1 6 . 9 9 - 2 . 0 4 0 .  2 9 9 - 0 . 0 9 6
NS2 1.  64 0 . 8 2 0 . 0 7 4 0 . 0 4 0
DR 1 1 0 . 3 1 1 . 5 7 0 .  1 6 9 0 . 1 1 2
DR2 4 .  11 - 0 . 0 4 0 . 2 5 4 - 0 . 0 0 3
CR 1 4 . 1 3 1 7 . 0 8 0 . 0 7 0 0 .  231
CR2 4 .  82 4 .  6 4 0 .  0 8 4 0 . 0 6 8
PS VR 2 . 7 5 1 . 4 1 0 .  178 0 . 0 9 4
ATKP 2 6 .  35 13 .1 7 0 . 5 5 5 0 .  3 3 7
AIKN 2 4 . 3 2 1 3 . 4 5 0 . 5 3 7 0 . 3 4 2
CLMP 1 0 . 1 2 7 . 4 0 0 .  4 7 6 0 . 3 5 9
CLMN 16 .  66 7 . 2 4 0 . 5 7 3 0.  3 1 4
PUMP 2 3 . 2 9 1 3 . 3 1 0 . 7 7 5 0 . 7 6 2
PUMN 2 7 . 3 0 2 2 . 1 2 1 . 0 0 0 1 . 0 0 0
SHOP 5 . 9 6 3 . 2  6 0 .  3 1 6 0 .  171
SMDN 1 1 . 0 5 8 . 2  5 0 . 5 0 1 0 . 4 3 0
EFMP 1 8 .  06 4 . 3 2 0 .  654 0 . 3 0 2
FFMN 2 5 .  15 1 2 . 4 7 0 . 8 0 8 0 . 6 1 7
LCIP 1 . 3 8 0 . 4 0 0 . 2 3 6 0 . 0 5 3
LCIN - 1 .  52 1 . 4 1 - 0 . 1 4 4 0 . 1 7 9
V A R I A T E :  SMDP fN =  13«»;  6 2  F E M A L E S  AND 7 2  MALES)
COVARIANCES CORRELATIONS
w  »  — •*“
VARIATE FEMALES MALES FEMALES MALES
OSAT 2 8 . 1 6 - 6 0 . 4 0 0 .  1 2 5 - 0 .  1 9 4
VSAT - 1 2 . 2 3 - 3 0 . 4 2 - 0 .  04 9 - 0 . 0 9 8
HS PC 1 . 0 6 - 3 . 9  3 0 . 0 5 2 - 0 . 1 5 8
HSCA 2 . 4 1 - 2 . 5 5 0 .  1 79 - 0 . 1 6 3
HSPS - 1 . 9 2 - 3 . 0 3 - 0 . 1 0 1 - 0 . 1 4 4
ROMA 6 . 3 4 3 . 0 3 0 .  104 0 . 0 7 6
ROPS - 1 5 . 7 4 6 . 0 6 - 0 . 1 7 8 0 . 0 4 5
ALG 3 . 9 8 1 . 0 0 0 . 2 4 9 0 . 0 6 1
TRIG 2 . 0 6 0 . 3 0 0 . 2 0 3 0 . 0 2 9
FJNTT1 3 . 8 1 - 1 . 3 0 0 .  0 8 5 - 0 . 0 4 3
UNTT2 1 9 . 4 8 - 4 . 8 3 0 .  2 2 3 - C .  0 7 5
UNIT3 1 6 . 6 0 - 6 . 2 6 0 .  164 - 0 . 1 1 4
HNTT4 1 7 . 6 2 - 5 .  31 0 . 162 - 0 . 0 6 1
FINAL 3 . 4 4 - 3 . 6 1 0 .  116 - 0 . 1 2 8
GEFT2 0 . 4 4 - 1  . 0 2 0 . 0 5 4 - 0 . 1 3 3
GEFT3 1.  38 - 1  . 74 0 . 2 2 2 - C . 3 2 0
HPT1 1 . 4 5 4 . 5 2 0 . 0 2 2 0 .  0 6 6
HPT2 - 0 . 5 7 5 . 3  0 - 0 . 0 0 9 0 . 0 8 1
NS 1 0 . 6 7 - 4 . 3 3 0 .  041 - 0 . 2 3 7
NS2 1.  37 1 . 3 7 0 .  0 8 9 0 . 0 7 8
DF. 1 6 . 5 9 - 1  . 6 4 0 . 1 5 6 - 0 .  1 3 5
DR2 0 . 9 0 - 1 . 4 2 0 . 0 8 1 - 0 . 1 0 7
CR 1 6 . 5 8 8 . 5 8 0 . 1 62 0 . 1 3 4
CF2 3 . 8 2 0 . 4 2 0 . 0 9 7 0 . 0 0 7
RSVR - 0 . 4 2 - 1  . 5 9 - 0 . 0 3 9 - 0 . 1 2 3
AI HP 1 2 . 8 9 - 6 . 8 2 0 .  3 9 3 - 0 . 2 0 2
AIKN 3 . 8 7 - 4 . 9 0 0 .  124 - 0 . 1 4 4
CLMP 4 . 3 3 - 3 . 8 4 Q . 2 9 5 - 0 . 2 1 6
CLMN 5 . 7 5 - 3 . 0 1 0 . 2 8 6 - 0 . 1 5 1
PTTMP 9 . 8 4 1.  72 0 .  4 7 4 0 .  1 1 4
PrJMN 5 . 9 6 3 . 2 6 0 . 3 1 6 0 . 1 7 1
SMDP 1 3 . 0 3 1 6 . 4 6 1 . 0 0 0 1 . 0 0 0
SMDN 5 .  90 9 . 8  3 0 . 3 8 7 0 . 5 9 4
EFM13 6 . 8 4 - 3 . 6 3 0 .  358 - 0 . 2 6 4
EF.MN 6 . 5 5 - 0  . 2 9 0 . 3 0 4 - 0 . 0 1 6
I C I P 1 . 6 6 0 . 4 4 0 .  301 0 . 0 6 9
LCTN - 0 . 5 5 0 . 0 9 - 0 . 0 7 4 0 . 0 1 3
V ART AT S :  SMDN fN =  1 3 a ;  6 2  P E R A L E S  AND 7 2  H A L E S )
COVARIANCES CORRELATIONS
'ART ATE FINALES MALES FEMALES MALES
OSAT 5 7 . 6 9 - 1 8 . 1 2 0 .  219 - 0 . 0 5 8
VSAT 0 . 0 5 5 ^ . 4  6 0 . 0 0 0 0.  1 8 4
HS PC 6 . 1U - 4 . 5 3 0 . 2 5 5 - 0 . 1 8 1
HSCA 1 . 8 6 - 2  . 7 2 0 . 1 1 8 - 0 . 1 7 2
HSPS - 2 .  13 - 0 . 6 5 - 0 . 0 9 6 - 0 . 0 3 1
Roma 1 0 . 5 6 1 . 0 6 0 .  176 0 . 0 2 6
ROPS - 9 . 5 0 1 0 . 1 6 - 0 . 0 9 2 0 . 0 7 5
ALG u . 29 0 . 9 0 0 .  2 3 0 0 . 0 5 4
TRIO 2 . 26 0 . 0  4 0 .  190 0 . 0 0 4
UN IT 1 2 . 0 9 - 0  . 6 4 0 . 0 4 0 - 0 . 0 2 1
DNIT2 2 0 . 9  5 - 1 0 . 0 4 0 .  2 0 5 - 0 . 1 5 5
ONTT3 1 7 . 7 8 - 6 . 4 6 0 . 150 - 0 . 1 1 7
UN ITU 1 7 . 7 6 - 8  . 2 3 0 . 1 3 9 - 0 . 0 9 3
FINAL 9 . 4 6 - 3 . 5 0 0 . 2 7 2 - 0 . 1 2 4
OEET2 0 . 9 5 0 . 7 0 0 . 1 0 0 0 . 0 9 1
GEFT3 0 . 5 2 0 . 5 0 0 . 0 7 1 0 . 0 9 2
HPT1 4 . 6 8 6 . 3 5 0 . 0 6 2 0 . 0 9 2
HPT2 - 3 . 8 8 1 . 1 4 - 0 . 0 5 0 0 . 0 1 7
NS1 3 . 9 7 - 3 . 9 4 0 . 2 1 0 - 0 . 2 1 5
NS 2 2 . 9 7 - 1 . 0 3 0 . 1 6 5 - 0 . 0 5 8
DR 1 5 .  10 1 . 4 4 0 .  1 0 3 0 . 1 1 8
DP 2 3 . 6 9 1.  30 0 .  2 8 3 0 . 0 9 8
CR1 6 . 5 6 1 2 . 8 4 0 . 1 3 8 0 . 2 0 0
CP2 2 . 7 3 4 . 5 3 0 .  0 5 9 0 . 0 7 6
PS7R 1 . 0 9 0 . 3 9 0 .  0 8 7 0 . 0 3 0
A TKP 6 . 4 5 1 . 0 1 0 . 1 6 8 0 . 0 3 0
ATKN 1 2 . 3 0 2 . 3 5 0 .  3 36 0 . 0 6 9
CLHP 2 . 60 2 . 4 9 0 .  151 0 .  139
c l hn 9 . 1 1 2 . 9 2 0 .  388 0 . 1 4 6
PUMP 5 .  83 2 . 9 2 0 . 2 4 0 0 .  1 9 3
PUMN 1 1 . 0 5 8 . 2 5 0 . 5 0 1 0 . 4 3 0
SHDP 5 . 9 0 9 . 8 3 0 .  3 8 7 0 . 5 9 4
SMDN 17.  85 16 . 6 7 1 . 0 0 0 1 . 0 0 0
EFMP 3 . 5 4 - 0 . 0 4 0 . 158 - 0 .  0 0 3
EFHN 13.  10 6 . 8 3 0 .  521 0 . 3 8 9
LCIP 2 . 88 0 . 8 5 0 . 4 4 7 0 .  131
LCTN 0 . 2 5 0 . 7 8 0 .  0 2 9 0 . 1  13
140
V A R I A T E :  EFMN (N =  1 3 4 ;  6 2  F E M M E S  AND 7 2  MAT.ES)
COVARIANCES CORRELATIONS






































7 1 6 . 9 5  
- 8 2 . 3 7
1 1 . 7 2  
5 . 2 2  
0 . 2 0
2 6 . 9 1
2 8 . 4 7
1 0 .  33
3 .  19
2 3 . 1 5  
4 4 .  86
3 8 . 8 0
5 1 . 8 0
1 9 . 9 1
3 . 3 3
2 . 4 1  
1Q. 13 
- 1 . 8 7
7 . 2 8
3 . 9  7
8 . 38
4 . 4 5  
- 0 . 5 7  
0 . 10 
7 . 1 9
3 1 . 6 6
3 5 . 7 3
1 0 . 9 6  
2 4 . 4 4
2 2 . 3 1
2 5 .  15
6 . 5 5
1 3 . 1 0
2 5 .  91
3 5 . 5 0
2 . 4 1  
- 0 . 6 7
8 0 . 0  8 
11 . 7 1  
1 . 1 4  
2 . 2 5  
2 . 4 9
8 . 7 1
4 1 . 6 3  
0 . 4 8
0 . 1  5 
7 . 1 0  
8 . 5 3  
4 . 0 7  
8 . 3  6
4 . 1 2
1.  30 
0 . 9 6
1 7 . 4 8
9 . 2 0
- 1 . 3 0
- 0 . 0 1
1 . 1 3  
2 . 2 3
22 . 02  
1 2 . 7 7  
0 . 7 5  
21 .2 7
1 6 . 6 3
8 . 7 2  
1 0 . 1 8
7 . 1  1 
1 2 . 4 7  
- 0 . 2 9  
6 . 3 3  
7 . 9 6  
1 8 . 4 6  
- 0 . 1 5  
- 0 . 0 7
0 .  3 1 5
- 0 . 2 0 0  
0 . 3 4 5  
0 . 2 3 5  
0 . 0 0 6  
0 .  3 1 8  
0 .  195  
0 .  3 9 2  
0.  190  
0 . 3 1 3  
0 .  3 1 2  
0 . 2 3 2  
0 . 2 8 8  
0 .  4 0 5  
0 . 2 8 6  
0 .  2 3 4  
0 .  179
- 0 . 0 1 7  
0 .  273  
0 .  156  
0 . 120 
0 .  242
- 0 . 0 0 8  
0 . 0 0 2  
0 . 0 6 8  
0 . 5 8 5  
0 . 6 9 2  
0 .  4 5 2  
0 . 7 3 3  
0 . 6 6 6  
0 . 8 0 8  
0 .  3 04  
0 . 5 2 1
0 .  823
1 . 000 
0 . 2 6 5
- 0 . 0 5 6
0 . 2 4 3  
0 .  0 3 6  
0 . 0 4 3  
0 . 1 3 5  
0 . 1 1 2  
0 . 2 0 5  
0 . 2 9 2  
0 . 0 2 7  
0 . 0 1 3  
0 . 2 2 1  
0 .  1 2 5  
0 . 0 7 0  
0 . 0 9 0  
0 .  1 39  
0 . 160  
0 . 1 6 6  
0 .  241  
0 .  1 3 2  
- 0 . 0 6 7  
0 . 0 0 0  
0 . 0 9 2  
0 . 1 5 9  
0 . 3 2 5  
0 . 2 0 4  
0 . 0 5 5  
0 . 5 9 5  
0 . 4 6 4  
0 . 4 6 2  
0.  4 8 3  
0 . 4 4 6  
0 . 6 1 7  
- 0 . 0 1 6  
0 . 3 8 9  
0 . 5 4 7
1 . 0 0 0  
- 0 . 0 2 2  
- 0 . 0 1 0
V A R I A T E :  L C I P  fN = 1 3 4 ;  6 2  F E MAL E S  AND 7 2  MALES)
COVARIANCES CORRELATIONS
rAEIATE FEMALES MALES FEMALES MALES
QSAT 3 2 . 3 4 - 9  . 5 5 0 .  3 4 0 - 0 . 0 7 9
VS AT - 1 1 . 7 9 - 1 4 . 5 3 - 0 . 1 1 2 - 0 . 1 2 0
HSPC 2 . 2 5 2 . 2 8 0 . 2 5 8 0 . 2 3 6
HSCA 0 . 8 8 0 . 0 5 0 .  155 0 . 0 0 8
HSPS - 0 . 1 8 0 . 9 1 - 0 . 0 2 3 0 .1 1 1
RQH A 2 . 3 0 - 3 . 2 2 0 . 106 - 0 . 2 0 7
p o p s - 5 . 7 0 0 . 5 9 - 0 .  153 0 .0 1 1
ALG 1 . 8 3 0 . 5 5 0 . 2 7 1 0 . 0 8 6
TRIG 1 . 1 7 0 . 3 5 0 . 2 7 2 0 . 0 8 4
IJNTT1 3 . 0 5 2 .  7 4 0 . 161 0 .  2 3 2
UNTT2 1 0 . 6 9 1 . 2 4 0 . 2 9 0 0.  0 5 0
HNIT3 1 5 . 2 2 2 . 3 2 0 . 3 5 6 0 . 1 0 8
0NIT4 8 . 13 4 . 0 4 0 .  177 0 . 1 1 9
FINAL 2 .  54 0 . 9 9 0 . 2 0 2 0 . 0 9 1
GEFT2 1 . 0 6 0 . 7 5 0 . 3 1 0 0 . 2 5 0
GEFT3 0 .  55 0 . 1  9 0 . 2 1 0 C . 0 8 9
HPT1 9 . 0 1 2 . 2  3 0 .  32 8 C. 084
HPT2 7 . 3 3 2 . 91 0 . 2 8 2 0 .  114
NS 1 0 . 1 7 - 0 . 8 4 0 . 0 2 5 - 0 . 1 1 8
NS2 0 . 2 6 0 . 2 0 0 .  0 4 0 0 . 0 2 9
DR 1 - 0 . 4 8 0 . 6 3 - 0 . 0 2 7 0 .  1 33
DP 2 1 . 1 4 0 . 2 4 0 . 2 4 3 0 . 0 4 6
CP 1 2 .  54 - 1 . 9 6 0 .  148 - 0 . 0 7 9
CF.2 4 .  54 - 1  . 5 4 0 . 271 - 0 . 0 6 7
PS VF. 0 .6 6 - 0 . 0 7 0 .  146 - 0 . 0 1 4
AIKP 4 . 7 7 0 . 4 5 0 .  3 44 0 . 0 3 4
AIKN 3 . 7 4 2 .  32 0 .  283 0.  176
CLNP 2 . 3 1 1 . 0 7 0 . 3 7 1 0 . 1 5 4
CLMN 3 .  37 1 .0 2 0 .  3 9 7 0 . 1 3 1
PUMP 1 . 1 7 0 . 0 6 0 .  1 33 0 .0 1 0
PUMN 1 . 8 8 0 . 4 0 0 . 2 3 6 0 . 0 5 3
SMDP 1 .6 6 0 . 4 4 0 . 3 0 1 0 . 0 6 9
SMDN 2 . 88 0 . 8 5 0 . 4 4 7 0 .  131
EFMP 1 . 4 5 0 . 6 5 0 .  179 0 . 121
EFMN 2 . 4 1 - 0 . 1  5 0 . 2 6 5 - 0 . 0 2 2
LCIP 2.  33 2 . 5 0 1 . 0 0 0 1 .0 0 0
LCTN 0 . 9 5 - 0 . 3 7 0 .  3 0 7 - 0 . 1 4 0
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Table 9. Discriminant analysis resu l ts
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Measure B r i e f  D e s c r i p t i o n  D i s c .  C o e f f .
OSAT q u a n t i t a t i v e  SAT s c o r e - 0 . 1 1
VSAT v e r b a l  SAT s c o r e 0 . 2 3
HSPC g r a d e  p o i n t s  in p r e c a l c u l u s - 0 . 3 8
HSCA g r a d e  p o i n t s  i n  c a l c u l u s - 0 . 2 1
HSPS g r a d e  p o i n t s  i n  p h y s i c a l  s c i e n c e 0 . 0 8
RQMA sem. h r s .  math r e q u i r e d  in  ma jor - 0 . 1 6
RQPS sem. h r s .  p h ys .  s c i .  r e q u i r e d  i n  ma j o r 0 . 5 6
ALG a l g e b r a  p r e t e s t  s c o r e 0 . 4 7
TRIG t r i g o n o m e t r y  p r e t e s t  s c o r e - 0 . 3 4
UNIT! u n i t  1 c a l c u l u s  exam s c o r e - 0 . 3 9
UNIT2 u n i t  2 c a l c u l u s  exam s c o r e 0 . 6 2
UNIT3 u n i t  3 c a l c u l u s  exam s c o r e - 0 . 2 2
UNIT4 u n i t  4 c a l c u l u s  exam s c o r e 0 . 4 0
FINAL f i n a l  c a l c u l u s  exam s c o r e - 0 . 1 9
GEFT2 gr oup  emb. f i g .  t e s t  s e c t i o n  2 - 0 . 1 2
GEFT3 group  emb.  f i g .  t e s t  s e c t i o n  3 0 . 0 3
HPT1 h i d d e n  p a t t e r n s  t e s t  p a r t  1 0 . 0 4
HPT2 h i d d e n  p a t t e r n s  t e s t  p a r t  2 - 0 . 1 5
NS1 n o ns e n s e  s y l l o g i s m s  p a r t  1 - 0 . 1 2
NS2 n on s e n se  s y l l o g i s m s  p a r t  2 0 . 0 7
DR1 diagrammi ng  r e l a t i o n s h i p s  p a r t  1 - 0 . 0 1
DR2 diag rammi ng  r e l a t i o n s h i p s  p a r t  2 - 0 . 1 8
CR1 c a r d  r o t a t i o n s  p a r t  1 - 0 . 4 9
CR2 c a r d  r o t a t i o n s  p a r t  2 0 . 1 4
PSVR Purdue  s p a t i a l  v i s u a l ,  o f  r o t a t i o n s 0 . 0 9
AIKP Aiken s c a l e  " p o s i t i v e "  i t e m s - 0 . 0 2
AIKN Aiken s c a l e  " n e g a t i v e "  i t ems - 0 . 1 8
CLMP F-S C o n f i d e n c e  s c a l e  " p o s i t i v e "  i t ems 0 . 3 8
CLMN F-S C o n f i d e n c e  s c a l e  " n e g a t i v e "  i t ems - 0 . 2 8
PUMP F-S U s e f u l n e s s  s c a l e  " p o s i t i v e "  i t ems 0 . 8 0
PUMN F-S U s e f u l n e s s  s c a l e  " n e g a t i v e "  i t ems - 0 . 3 4
SMDP F-S Male Domain s c a l e  " p o s i t i v e " i terns - 0 . 2 7
SMDN F-S Male Domain s c a l e  " n e g a t i v e " i terns - 0 . 3 8
EFMP F-S E f f e c t .  Mot.  s c a l e  " p o s i t i v e " i terns - 0 . 7 4
EFMN F-S E f f e c t .  Mot.  s c a l e  " n e g a t i v e " i terns 0 . 7 9
LCIP l o c u s  o f  c o n t r o l  s c a l e  " p o s i t i v e " i t ems 0 . 5 6
LCIN l o c u s  o f  c o n t r o l  s c a l e  " n e g a t i v e " i terns 0 . 0 8
Above,  D i s c .  C o e f f .  r e f e r s  t o  t h e  s t a n d a r d i z e d  c a n o n i c a l  
d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t  o f  t h e  me a s u r e .  The v a l u e  o f  t h i s  
d i s c r i m i n a n t  f u n c t i o n  a t  t h e  group means was - 1 . 1 1 7  f o r  f e m a l e s ,  and 
0 . 9 6 2  f o r  m a l e s .  Under  t h e  a s s u m p t i o n  o f  e qua l  v a r i a n c e - c o v a r i a n c e  
m a t r i c e s  (which was v i o l a t e d ) ,  t h i s  d i f f e r e n c e  i s  s i g n i f i c a n t  a t  t h e  
.0001 l e v e l .
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I n d i c a t i o n s  f rom t h e  e x p l o r a t o r y  work f o r  model d e v e l op me n t
We c l o s e  t h i s  c h a p t e r  w i t h  a summary o f  t h e  r e s u l t s  f r om o u r  
e x p l o r a t o r y  work u s i n g  p r i n c i p a l  component  a n a l y s i s ,  t r a d i t i o n a l  
f a c t o r  a n a l y s i s ,  and c a n o n i c a l  c o r r e l a t e  a n a l y s i s  w i t h  t h e  sample  
e s t i m a t e s  o f  t h e  c o v a r i a n c e s  p r o v i d e d  by t h e  f i r s t  s u b s a m p l e .
P r i n c i p a l  component  a n a l y s i s  i n d i c a t e d  t h a t  e l e v e n  f a c t o r s  
cou l d  e x p l a i n  o v e r  70 p e r c e n t  o f  t h e  common v a r i a n c e  among t h e  37 
v a r i a t e s  i n c l u d e d  in t h i s  s t u d y  f o r  bo t h  ma les  and f e m a l e s  ( s e e  
Tab l e  10 b e l o w ) .  I n c l u s i o n  o f  more f a c t o r s  in  t h e  mode l s  would ,  o f  
c o u r s e ,  e x p l a i n  more,  b u t  t h e i r  r e l a t i v e  c o n t r i b u t i o n s  would be 
q u i t e  s m a l l .  A f t e r  t h e  e l e v e n t h  p r i n c i p a l  componen t ,  e ac h  
s u c c e e d i n g  p r i n c i p a l  component  had an e i g e n v a l u e  l e s s  t h a n  1,  w i t h  
l e s s  t h a n  31 o f  t h e  common v a r i a n c e  a c c o u n t e d  f o r  by e a c h  o ne .
T a b l e  10.  P r i n c i p a l  component  a n a l y s i s  r e s u l t s  
Females  Males
F a c t o r E i g e n v a l u e t  o f  v a r i a n c e E i g e n v a l u e % o f  v a r i a n c e
1 9 . 9 2 2 6 . 8 7 . 0 4 1 9 . 0
2 3 . 7 7 10 . 2 3 . 8 0 10 . 3
3 2 . 7 0 7 . 3 2 . 9 4 8 . 0
4 2.31 6 . 3 2 . 5 7 6 . 9
5 1 . 98 5 . 4 2 . 1 7 5 . 9
6 1 . 65 4 . 4 2 . 0 3 5 . 5
7 1 . 47 4 . 0 1 . 66 4 . 5
8 1 . 45 3 . 9 1 . 53 4.1
9 1 . 29 3 . 5 1 . 35 3 . 7
10 1 . 14 3.1 1 . 22 3 . 3
11 1.11 3 . 0 1 . 19 3 . 2
7 7 . 8 7 4 . 3
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T r a d i t i o n a l  f a c t o r  a n a l y s e s  ( u s i n g  a v a r i e t y  o f  r o t a t i o n s )  and 
c a n o n i c a l  c o r r e l a t e  a n a l y s e s  were p e r f o r me d  t o  a i d  in t h e  c h o o s i n g  o f  
s p e c i f y i n g  v a r i a t e s  f o r  f a c t o r s .  Some v a r i a t e s  d i d  n o t  a p p e a r  t o  l o a d  
on any f a c t o r  i n  a d i s c e r n i b l e  p a t t e r n  f o r  e i t h e r  ma l e s  o r  f e m a l e s .  
O t h e r  v a r i a t e s ,  s p e c i f i c a l l y  t h e  c a l c u l u s  u n i t  and f i n a l  exams,  were 
r e s e r v e d  f o r  use  as  c r i t e r i o n  v a r i a t e s .  In t h e  i n t e r e s t s  o f  p a r s i m o n y ,  
we c o n c e n t r a t e d  on s p e c i f y i n g  n i n e  f a c t o r s  f o r  each  o f  t h e  mo d e l s .
The s p e c i f i c a t i o n  o f  v a r i a t e s  f o r  each  f a c t o r  can b e s t  be
d e s c r i b e d  by d i v i d i n g  t h e  f a c t o r s  i n t o  t h r e e  doma i ns :  c o g n i t i v e ,
a f f e c t i v e ,  and p a r t i c i p a t i o n / p r e p a r a t i o n .
C o g n i t i v e  f a c t o r s
The me a s u r e s  o f  s p a t i a l  a b i l i t y  used  i n  t h e  s t u d y ,  CR1, CR2, and 
PSVR, d i d  n o t  c o n s i s t e n t l y  l o a d  h e a v i l y  on t h e  same f a c t o r  f o r  e i t h e r  
ma l es  o r  f e m a l e s .  One c ou l d  i n t e r p r e t  t h i s  as  e v i d e n c e  t h a t  a
m u l t i - f a c t o r  d e f i n i t i o n  o f  s p a t i a l  a b i l i t y  i s  mos t  a p p r o p r i a t e .  
P e r h a p s  i f  we had u s ed  more a n d / o r  d i f f e r e n t  m e a s u r i n g  i n s t r u m e n t s ,  
t h i s  mi gh t  be more a p p a r e n t .  L o g i c a l l y ,  one mi gh t  wonder  i f  t h e
t w o - d i m e n s i o n a l  t a s k s  r e p r e s e n t e d  by t h e  Card  R o t a t i o n s  t e s t s  mi gh t  
i n v o l v e  d i s t i n c t l y  d i f f e r e n t  s k i l l s  t h a n  t h e  t h r e e - d i m e n s i o n a l  t a s k s  
r e p r e s e n t e d  by t h e  PSVR. However ,  t h e  e v i d e n c e  f o r  two d i s t i n c t  
s p a t i a l  f a c t o r s  f o r  t h e  me asu r e s  employed in  t h i s  s t u d y  d i d  n o t  seem 
p r e s s i n g  enough t o  j u s t i f y  s p e c i f y i n g  more t h a n  one s p a t i a l  a b i l i t y  
f a c t o r .  I t  mus t  be e mp h a s i z e d  t h a t  we a r e  n o t  c l a i m i n g  t h a t  t h i s  i s  an 
a d e q u a t e  view o f  s p a t i a l  a b i l i t y  in g e n e r a l .  We a r e  m e r e l y  s a y i n g  t h a t
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f o r  t h e  t h r e e  m e a s u r e s  employed i n  t h i s  s t u d y ,  i t  a p p e a r e d  t h a t  
s p e c i f i c a t i o n  o f  a  s i n g l e  f a c t o r  would s u f f i c e .  In  t h i s  s t u d y ,  we 
a b b r e v i a t e d  t h i s  s p a t i a l  a b i l i t y  f a c t o r  a s  SA.
On t h e  o t h e r  hand ,  t h e  Hidden P a t t e r n s  t e s t  and t h e  Group 
Embedded F i g u r e s  T e s t  c l e a r l y  l oa d e d  on d i s t i n c t  f a c t o r s  f o r  b o t h  males  
and f e m a l e s .  We found  t h i s  somewhat  s u r p r i s i n g ,  g i v e n  t h e  
s u p e r f i c i a l l y  s i m i l a r  q u a l i t y  o f  t h e  t a s k s  r e p r e s e n t e d  in  t h e s e  
me a s u r e s .  N e v e r t h e l e s s ,  t h e  e v i d e n c e  o f  a t w o - f a c t o r  s t r u c t u r e  was 
s t r o n g  enough t o  s p e c i f y  two d i f f e r e n t  f a c t o r s .  HPT1 and HPT2 
s p e c i f i e d  a f a c t o r  we c a l l e d  f l e x i b i l i t y  o f  c l o s u r e  ( a b b r e v i a t e d  FC) 
and GEFT2 and GEFT3 s p e c i f i e d  a f a c t o r  which was c a l l e d  f i e l d  
i n d e p e n d e n c e /  f i e l d  d ep e n d e n c e  ( a b b r e v i a t e d  F I / F D ) .
The m e a s u r e s  o f  l o g i c a l  r e a s o n i n g ,  Nonsense  S y l l o g i s m s  and 
Diagramming R e l a t i o n s h i p s  f rom t h e  Eks t rom K i t ,  as  we l l  a s  t h e  v e r b a l  
s c o r e  f rom t h e  S c h o l a s t i c  A p t i t u d e  T e s t , showed v e r y  mode s t  l o a d i n g s  on 
a l l  t h e  f a c t o r s  f r om t h e  e x p l o r a t o r y  a n a l y s i s .  T h i s  m i g h t  i n d i c a t e  
t h a t  t h e s e  m e a s u r e s  a r e  more a p p r o p r i a t e  i n  a d i f f e r e n t  " u n i v e r s e "  o f  
v a r i a t e s  t h a n  t h o s e  mos t  c l o s e l y  r e l a t e d  t o  c a l c u l u s  a c h i e v e m e n t .  In 
an i n v e s t i g a t i o n  o f  m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n  a t  l e v e l s  
beyond t h e  c a l c u l u s ,  such a s  a b s t r a c t  a l g e b r a  o r  a n a l y s i s ,  t h e s e  
v a r i a t e s  mi gh t  p l a y  a g r e a t e r  r o l e  in i d e n t i f y i n g  f a c t o r  s t r u c t u r e .  
For t h e  mode l s  d e v e l o p e d  in t h i s  s t u d y ,  we chose  n o t  t o  i n c l u d e  t h e s e  
v a r i a t e s  as  s p e c i f y i n g  v a r i a t e s  f o r  any f a c t o r ,  b u t  we d i d  n o t e  what  
c o n t r i b u t i o n s  t h e  f a c t o r s  made t o  e x p l a i n i n g  t h e i r  i n t e r c o r r e l a t i o n s .
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Affec t ive  Factors
There  was s t r o n g  s u p p o r t  f o r  a t h r e e - f a c t o r  s t r u c t u r e  f o r  t h e  
a f f e c t i v e  s c a l e s ,  as  n e a r l y  100% o f  t h e i r  common v a r i a n c e  c o u l d  be 
e x p l a i n e d  by such a s t r u c t u r e  f o r  b o t h  ma les  and f e m a l e s .  T a b l e  11
d i s p l a y s  t h e  r e s u l t s  o f  a f a c t o r  a n a l y s i s  u s i n g  an equimax r o t a t i o n  o f  
t h e  l o a d i n g  m a t r i x  o f  t h e  a f f e c t i v e  me a su r e s  on t h e  t h r e e  f a c t o r s  f o r  
males  and f e m a l e s ,  r e s p e c t i v e l y .
Tab l e 11.  F a c t o r  a n a l y s i s  o f  a f f e c t i v e s c a l e s
i r i a t e F a c t o r  1 F a c t o r  2 F a c t o r  3
males f e m a l e s males f e m a l e s ma l es f ema l e ;
AIKP 0 . 7 5 0 . 8 6 0 . 4 2 0 . 2 4 - 0 . 1 9 0 . 0 9
AIKN 0 . 8 3 0 . 7 6 0 . 2 7 0 . 3 4 - 0 . 0 2 0 . 1 3
CLMP 0 . 7 8 0 . 7 6 0 . 3 2 0 . 1 7 - 0 . 0 6 0 . 1 5
CLMN 0 . 8 0 0.81 0 . 2 4 0.41 0 . 0 3 0 . 1 9
PUMP 0 . 1 8 0 . 5 0 0 . 7 7 0 . 6 3 0 . 0 5 - 0 . 3 0
PUMN 0 . 0 9 0.41 0 . 9 0 0 . 7 7 0 . 2 5 - 0 . 1 4
SMDP - 0 . 2 1 0 . 2 0 0 . 0 7 0.41 0.11 0 . 1 0
SMDN 0.11 - 0 . 0 6 0 . 2 4 0 . 7 5 0 . 8 9 0 . 4 9
EFMP 0 . 6 0 0 . 6 6 0 . 4 3 0 . 5 0 - 0 . 2 4 - 0 . 2 1
EFMN 0 . 4 3 0 . 5 2 0 . 5 7 0 . 7 3 0 . 1 4 - 0 . 0 5
LCIP 0 . 1 9 0 . 2 5 - 0 . 0 5 0 . 2 5 0 . 1 4 0 . 6 4
LCIN 0 . 0 6 - 0 . 0 1 0 . 1 7 - 0 . 0 8 0 . 01 0. 31
The Aiken s c a l e s  and t h e  Fennema-Sherman C o n f i d e n c e  in  L e a r n i n g  
Mat hemat i c s  and E f f e c t a n c e  M o t i v a t i o n  i n  Ma t he ma t i c s  s c a l e s  a l l  l o a d e d  
h e a v i l y  on one  f a c t o r .  Thi s  a g r e e d  w i t h  s i m i l a r  r e s u l t s  o f  a p r i n c i p a l  
f a c t o r  a n a l y s i s  t h a t  Fennema and Sherman p e r fo rme d  w i t h  t h e i r  s c a l e s  
wi t h  y o unge r  s u b j e c t s  (Fennema & Sherman,  1976) .  We r e f e r r e d  t o  t h i s  
f a c t o r  a s  a t t i t u d e  t oward  l e a r n i n g  m a t h e m a t i c s  ( a b b r e v i a t e d  ALM).
i
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The U s e f u l n e s s  o f  Ma t h e ma t i c s  s c a l e s  and t h e  Ma t h e m a t i c s  a s  a
Male Domain s c a l e s  l o a d e d  o n t o  t h e  second and t h i r d  f a c t o r s  i n  a 
d i f f e r e n t  p a t t e r n  f o r  ma les  and f e m a l e s .  In o r d e r  t o  examine  t h i s
d i f f e r e n c e  more c l o s e l y  i n  t h e  c o n f i r m a t o r y  a n a l y s i s  w i t h  F a c t o r i a l  
Mode l i ng ,  we s p e c i f i e d  a n o t h e r  f a c t o r  c a l l e d  p e r c e i v e d  u s e f u l n e s s  o f  
m a t h e ma t i c s  ( a b b r e v i a t e d  PUM), and a t h i r d  f a c t o r  which we c a l l e d  
p e r c e i v e d  a p p r o p r i a t e n e s s  o f  m a th em a t i c s  f o r  f e m a l e s  ( a b b r e v i a t e d  
PAMF). The l o c u s  o f  c o n t r o l  s c a l e s  d e v e l op e d  f o r  t h i s  s t u d y ,  LCIP and 
LCIN, showed an i n c o n s i s t e n t  p a t t e r n  o f  l o a d i n g s  i n  a l l  t h e  f a c t o r  
a n a l y s e s ,  i n c l u d i n g  t h e  one  d i s p l a y e d  in  Tab l e  11.  C o n s i d e r i n g  t h i s ,
a l o n g  w i t h  t h e i r  low r e l i a b i l i t y  i n  compar i son  w i t h  t h e  o t h e r  a f f e c t i v e  
measure s  ( s e e  T a b l e  6 on page  4 3 ) ,  we d e c i d e d  n o t  t o  use  t h e s e  s c a l e s  
a s  s p e c i f y i n g  v a r i a t e s  f o r  any o f  t h e  f a c t o r s .
k lhi le  t h e  t h r e e - f a c t o r  s t r u c t u r e  f o r  a f f e c t i v e  s c a l e s  seemed 
s u f f i c i e n t  f o r  b o t h  ma l e s  and f e m a l e s ,  we n o t e  t h a t  t h e  e x p l o r a t o r y  
c a n o n i c a l  c o r r e l a t e  a n a l y s i s  i n d i c a t e d  t h a t  t h e  a f f e c t i v e  f a c t o r s  may
p l a y  a g r e a t e r  r o l e  f o r  f e m a l e s  t h a n  ma l e s .  Four  p a i r s  o f  c a n o n i c a l  
c o r r e l a t e s  ( s i g n i f i c a n t  a t  t h e  a l p h a  = .10 l e v e l )  were  found  be t ween  
t h e  s e t  o f  a f f e c t i v e  n e a s u r e s  and t h e  s e t  o f  c a l c u l u s  u n i t  and f i n a l  
exams.  Only  one s i g n i f i c a n t  p a i r  o f  c a n o n i c a l  c o r r e l a t e s  was f o u nd  f o r  
t h e  ma l e s .  In e x a mi n i ng  t h e  c o r r e l a t i o n s  t h e m s e l v e s ,  t h e  me a s u re s  SMDP 
and SMDN e n j o y e d  h i g h e r  c o r r e l a t i o n s  wi t h  t h e  a c h i e v e m e n t  m e a s u r e s  f o r  
f em a l e s  t h a n  m a l e s .  Hence t h e  f a c t o r  PAMF may have  a g r e a t e r  p a r t  i n  
e x p l a i n i n g  c o r r e l a t i o n s  among t h e  v a r i a t e s  f o r  f e m a l e s  t h a n  m a l e s .
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P a r t i c i p a t i o n  and p r e p a r a t i o n  f a c t o r s
Three  o t h e r  f a c t o r s  were p ro p o s e d  f o r  t h e  models  f o r  b o t h  ma les  
and f e m a l e s :  a c a demi c  e x p e r i e n c e  ( a b b r e v i a t e d  AE),  p r e c a l c u l u s
p r e p a r a t i o n  ( a b b r e v i a t e d  PCP) and f u t u r e  academi c  p l a n s  ( a b b r e v i a t e d  
FAP).  The me a s u r e s  o f  h i g h  school  p a r t i c i p a t i o n  i n  m a t h e m a t i c s  and 
p h y s i c a l  s c i e n c e s  (HSPC, HSCA, and HSPS) were used as  s p e c i f y i n g  
v a r i a t e s  f o r  AE. The q u a n t i t a t i v e  s c o r e  on t h e  S c h o l a s t i c  A p t i t u d e  
T e s t  (QSAT) and t h e  a l g e b r a  and t r i g o n o m e t r y  p r e t e s t s  (ALG and TRIG) 
were used  as  s p e c i f y i n g  v a r i a t e s  f o r  PCP. F i n a l l y ,  s e m e s t e r  h ou r s  
r e q u i r e d  in  m a t h r m a t i c s  and p h y s i c a l  s c i e n c e  and e n g i n e e r i n g  (RQMA and 
RQPS) were used a s  s p e c i f y i n g  v a r i a t e s  f o r  FAP.
The u n i t  exams and f i n a l  exam were o f  i n t e r e s t  a s  c r i t e r i o n  
v a r i a t e s  and t h u s  were n o t  c o n s i d e r e d  as  s p e c i f y i n g  v a r i a t e s  f o r  any
a d d i t i o n a l  f a c t o r s .  S i n c e  t h e  d e c i s i o n  was made n o t  t o  s p e c i f y  any
f a c t o r s  w i t h  VSAT, NS1, NS2, DR1, DR2, LCIP,  o r  LCIN, we f e l t  t h a t  t h e
n in e  f a c t o r s  s p e c i f i e d  above  s hou l d  be s u f f i c i e n t  f o r  t h e  f a c t o r  models
f o r  b o t h  ma l es  and f e m a l e s .  We summar ize  t h e s e  n i n e  f a c t o r  
s p e c i f i c a t i o n s  i n  T a b l e  12 on t h e  f o l l o w i n g  page .  See T a b l e s  1-4  
( p a g e s  39 -41)  f o r  an e x p l a n a t i o n  o f  t h e  a b b r e v i a t i o n s  f o r  t h e  v a r i a t e s .
In t h e  n e x t  c h a p t e r ,  we p r o v i d e  t h e  r e s u l t s  o f  t h e  p a r a m e t e r
e s t i m a t i o n s  and c o n f i r m a t o r y  a n a l y s i s  u s i n g  F a c t o r i a l  Mode l i ng  and t h e  
sample  c o r r e l a t i o n s  f rom t h e  second s u b sa mp l e .
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Table 12. Specifying var ia tes fo r  the fac tors
F a c t o r A b b r e v i a t i o n S p e c i f y i n g  v a r i a t e s
academi c  e x p e r i e n c e
p r e c a l c u l u s  p r e p a r a t i o n
f u t u r e  academi c  p l a n s
p e r c e i v e d  a p p r o p r i a t e n e s s  
o f  m a t h e m a t i c s  f o r  f e m a l e s
p e r c e i v e d  u s e f u l n e s s  
o f  m a t h e m a t i c s
a t t i t u d e  toward  
l e a r n i n g  m a t h e m a t i c s
s p a t i a l  a b i l i t y
f i e l d  i n d e p e n d e n c e /  









HSPC, HSCA, HSPS 








f l e x i b i l i t y  o f  c l o s u r e FC HPT1, HPT2
CHAPTER VI 
RESULTS OF THE CONFIRMATORY ANALYSIS
In t h i s  c h a p t e r  we r e p o r t  t h e  r e s u l t s  o f  t h e  u s e  o f  F a c t o r i a l  
Model ing f o r  e s t i m a t i n g  t h e  p a r a m e t e r s  o f  t h e  model s  f o r  ma l e s  and
f e m a l e s .  R e f e r  t o  T a b l e s  1 - 4  on p ages  39-41 and T a b l e  12 on page  150 
f o r  e x p l a n a t i o n s  o f  t h e  a b b r e v i a t i o n s  used  f o r  v a r i a t e s  and f a c t o r s .
The model s  f o r  ma l e s  and f e m a l e s  a r e  p a r a l l e l  i n  t e rms  o f  number  
o f  f a c t o r s ,  s p e c i f y i n g  v a r i a t e s  f o r  t h e  f a c t o r s ,  and t h e  c r i t e r i o n  
v a r i a t e s .  The s t r u c t u r a l  p a r a m e t e r s  w i l l  h i g h l i g h t  any d i f f e r e n c e s  i n  
c o v a r i a n c e  s t r u c t u r e .  The e x a c t  o r d e r  o f  e x t r a c t i o n  used  f o r  b o t h
males  and f e m a l e s  was g u i d e d  by s e v e r a l  c o n s i d e r a t i o n s .  F i r s t ,  we were
i n t e r e s t e d  i n  t h e  i n f l u e n c e  o f  a f f e c t i v e  and c o g n i t i v e  f a c t o r s  a f t e r  
c o n t r o l l i n g  f o r  p r e v i o u s  a c a demi c  e x p e r i e n c e  and p r e p a r a t i o n .  T h i s  was 
a c c o m p l i s h e d  by e x t r a c t i n g  t h e  f a c t o r s  AE and PCP f i r s t .  S e c o n d l y ,  o u r  
e x p l o r a t o r y  a n a l y s i s  i n d i c a t e d  t h a t  t h e  mos t  p r o f o u n d  d i f f e r e n c e s  
be tween ma les  and f e m a l e s  were i n  t h e  a f f e c t i v e  doma in ,  s p e c i f i c a l l y  
wi t h  r e g a r d s  t o  t h e  p e r c e i v e d  a p p r o p r i a t e n e s s  o f  m a t h e m a t i c s  f o r  
f e m a l e s  and t h e  p e r c e i v e d  u s e f u l n e s s  o f  m a t h e m a t i c s  (PAMF and PUM). 
These f a c t o r s  were e x t r a c t e d  n e x t .  F u t u r e  a c a d e mi c  p l a n s  was t h e  
f a c t o r  i n d i c a t i n g  f u t u r e  p a r t i c i p a t i o n  in  m a t h e m a t i c s ,  s c i e n c e  and
e n g i n e e r i n g ,  and t h i s  f a c t o r  (FAP) was t h e  n e x t  e x t r a c t e d ,  f o l l o w e d  by 
t h e  a f f e c t i v e  f a c t o r ,  a t t i t u d e  t o wa r d  l e a r n i n g  m a t h e m a t i c s  (ALM).
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Si n c e  programs  t o  change  t h e  c o g n i t i v e  v a r i a b l e s  would mos t  l i k e l y  
r e q u i r e  t h e  most  e f f o r t  and c o s t  i n  t e r m s  o f  d e v e l o p i n g  i n s t r u c t i o n a l  
m a t e r i a l s ,  e d u c a t i o n a l  p o l i c y m a k e r s  mi gh t  want  t o  know t h e  i n f l u e n c e s  
o f  t h e s e  v a r i a b l e s  on m a t h e ma t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n  o n l y  
a f t e r  a l l  t h e  o t h e r  f a c t o r s  were c o n t r o l l e d .  The f a c t o r s  r e p r e s e n t i n g  
s p a t i a l  a b i l i t y ,  f i e l d  i n d e p e n d e n c e /  f i e l d  d e p e n d e n c e ,  and f l e x i b i l i t y  
o f  c l o s u r e  (SA, FI /FD,  and FC) were e x t r a c t e d  l a s t ,  so  t h a t  we c o u l d  
j u dg e  t h e s e  i n f l u e n c e s .
As f o r  a c r i t e r i o n  v a r i a t e ,  t h e  mos t  o b v i o u s  c h o i c e  was FINAL, 
t h e  f i n a l  c a l c u l u s  exam,  s i n c e  i t  r e p r e s e n t e d  t h e  mos t  r e c e n t  me asu r e  
o f  t h e  s t u d e n t s '  m a t h e m a t i c s  a c h i e v e m e n t .  The o t h e r  c a l c u l u s  exams,  as  
wel l  a s  t h o s e  v a r i a t e s  n o t  used  as  s p e c i f y i n g  v a r i a t e s  f o r  any o f  t h e  
f a c t o r s  were i n c l u d e d  i n  t h e  c o n f i r m a t o r y  a n a l y s i s  i n  o r d e r  t o  examine  
t h e  i n f l u e n c e s  o f  t h e  f a c t o r s  on a/H v a r i a t e s  me asure d  in  t h i s  s t u d y .
We summar ize t h i s  i n f o r m a t i o n  i n  T a b l e  13 below.
Tab l e  13.  F a c t o r i a l  Model ing s p e c i f i c a t i o n s  f o r  model s










V a r i a t e s  n o t  us ed  as  s p e c i f y i n g  v a r i a t e s :
VSAT, NS1, NS2, DR1, DR2, LCIP,  LCIN, UNIT1, UNIT2, UNIT3,  UNIT4.
C r i t e r i o n  v a r i a t e :  FINAL
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Because  o f  t h e  number o f  v a r i a t e s  and f a c t o r s  i n v o l v e d ,  a s i n g l e  
p a t h  d i a g r a m f o r  e i t h e r  model would c o n t a i n  so many a r r o w s  a s  t o  become 
t o o  unwi e l dy  t o  i n t e r p r e t  e a s i l y .  For  t h i s  r e a s o n ,  we b r o k e  t h e  p a t h  
d i a g ra ms  down i n t o  s e v e r a l  s u b d i a g r a m s .  We d i v i d e d  t h e  9 f a c t o r s  i n t o  
t h r e e  g roups  and t h e  37 v a r i a t e s  i n t o  s i x  g r o u p s .  We t h e n  p r e p a r e d  a 
p a t h  d i a g ra m f o r  each  c o m b i n a t i o n  o f  f a c t o r  group and v a r i a t e  g r o u p ,  
f o r  a t o t a l  o f  18 s u b d i a g r a m s .  The breakdown o f  f a c t o r s  and v a r i a t e s  
i n t o  g roups  i s  d i s p l a y e d  in Tab l e  14 below:
Tab l e  14.  F a c t o r  and v a r i a t e  g r ou p s  f o r  p a t h  d i a g r a m s
F a c t o r  g r ou p s
1) AE, PCP, FAP
2)  PAMF, PUM, ALM
3) SA, FI /FD,  FC
V a r i a t e  g r oups
1) HSPC, HSCA, HSPS, QSAT, ALG, TRIG
2)  SMDP, SMDN, PUMP, PUMN, RQMA, RQPS
3) AIKP, AIKN, CLMP, CLMN, EFMP, EFMN
4) CR1, CR2, PSVR, GEFT2, GEFT3, HPT1, HPT2
5) UNI.T1 , UNIT2, UNIT3, UNIT4, FINAL
6) VSAT, NS1, NS2, DR1, DR2, LCIP,  LCIN
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For  e a s e  o f  c o m p a r i s on  o f  males  and f e m a l e s ,  t h e  p a t h
c o e f f i c i e n t s  f o r  b o t h  s ex e s  a r e  d i s p l a y e d  s i d e  by s i d e  on each  o f  t h e  
s u bd i a g ra m s .  To f u r t h e r  s i m p l i f y  t h e s e  d i a g r a m s ,  we made s e v e r a l
c o n v e n t i o n s .  F i r s t ,  we o n l y  i n c l u d e d  a r r ows  f rom f a c t o r s  t o  v a r i a t e s  
w i t h  p a t h  c o e f f i c i e n t s  o f  a b s o l u t e  v a l u e  a t  l e a s t  0 . 2 2 5 .  Pu t  a n o t h e r  
way,  we d i s p l a y e d  an a r r ow f rom a f a c t o r  t o  a v a r i a t e  o n l y  i f  t h a t  
f a c t o r  c ou l d  a c c o u n t  f o r  a t  l e a s t  5% o f  t h e  v a r i a n c e  in  t h a t  v a r i a t e .
Se c o nd l y ,  we d e l e t e d  t h e  d i s t u r b a n c e  f a c t o r  l a b e l s  f o r  e a c h  v a r i a t e .
I n s t e a d ,  we s im p l y  i n c l u d e d  an a r ro w w i t h o u t  a s o u r c e  p o i n t i n g  t o  each  
v a r i a t e  and l a b e l l e d  i t  w i t h  t h e  d i s t u r b a n c e  c o e f f i c i e n t  ( i . e . ,  we d i d  
n o t  i n c l u d e  c i r c l e d  l a b e l s  f o r  t h e  d i s t u r b a n c e  f a c t o r s  t h e m s e l v e s ) .
With t h e s e  c o n v e n t i o n s  made,  we r e f e r  t o  such d i a g r a m s  as  r e d u c e d  p a t h  
d i a g r a m s .  Note t h a t  t h e  f u l l  s e t  o f  s t r u c t u r e  c o e f f i c i e n t s  can be 
found in  t h e  f a c t o r  s t r u c t u r e  m a t r i x .
At  any p a r t i c u l a r  s t a g e  o f  t h e  f a c t o r  e x t r a c t i o n  p r o c e s s ,  i t  i s  
p o s s i b l e  one  o r  more o f  t h e  s p e c i f y i n g  v a r i a t e s  o f  a  f a c t o r  a r e  
n e g a t i v e l y  c o r r e l a t e d  w i t h  t h e  c r i t e r i o n  v a r i a t e .  The FaM a l g o r i t h m  
cou l d  t h e n  r e s u l t  in t h a t  f a c t o r  b e i n g  p o s i t i v e l y  c o r r e l a t e d  w i t h  t h e  
c r i t e r i o n  v a r i a t e ,  b u t  n e g a t i v e l y  c o r r e l a t e d  w i t h  t h e  s p e c i f y i n g  
v a r i a t e s  f o r  t h a t  f a c t o r .  Because  o f  t h i s  p o s s i b i l i t y ,  we d e c i d e d  t o  
r e f l e c t  any f a c t o r  ( i . e . ,  change  t h e  s i g n  o f  a l l  i t s  s t r u c t u r a l  
c o e f f i c i e n t s )  which was n e g a t i v e l y  c o r r e l a t e d  w i t h  more t h a n  h a l f  o f  
i t s  s p e c i f y i n g  v a r i a t e s .  Such a p r o c e d u r e  in no way a f f e c t s  t h e  f i t  o f  
t h e  mode l ,  and p r o v i d e s  us w i t h  f a c t o r s  p o s i t i v e l y  c o r r e l a t e d  w i t h  as  
many o f  t h e i r  s p e c i f y i n g  v a r i a t e s  as  p o s s i b l e ,  as  we l l  a s  i n d i c a t i n g
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t h e  " c o r r e c t "  s i g n  on t h e  c o v a r i a n c e  w i t h  t h e  c r i t e r i o n  v a r i a t e .  The 
f a c t o r s  in  t h e  model f o r  f e m a l e s  which were r e f l e c t e d  were ALM, FI /FD,  
and FC. The f a c t o r s  i n  t h e  model f o r  ma l e s  which were r e f l e c t e d  were 
SA and FC.
On t h e  f o l l o w i n g  p a g e s  t h e  d e s c r i p t i v e  s t a t i s t i c s  f o r  m a l e s  and 
f e m a l e s  i n  t h e  second s ubsampl e  and t h e  r e s u l t s  o f  t h e  FaM p r o c e d u r e  
a r e  r e p o r t e d .  Th i s  i n f o r m a t i o n  i s  a r r a n g e d  in  t h e  f o l l o w i n g  t a b l e s :
Ta b l e  15.  means and s t a n d a r d  d e v i a t i o n s  o f  v a r i a t e s
Tab l e  16.  c o r r e l a t i o n  m a t r i c e s  (R in  FaM d e s c r i p t i o n )
T ab l e  17.  s t r u c t u r e  m a t r i c e s  ( i . e .  t h e  m a t r i c e s  o f  p a t h  
c o e f f i c i e n t s  f rom f a c t o r s  t o  v a r i a t e s ,  S)
Ta b l e  18.  m a t r i c e s  o f  s q u a r e d  s t r u c t u r e  c o e f f i c i e n t s
T ab l e  19.  c o m m u n a l i t i e s  and d i s t u r b a n c e  t e rm s  (h* and d j )
Tab l e  20.  f i n a l  r e s i d u a l  c o r r e l a t i o n  m a t r i c e s  (Rn+i>
Ta b l e  21.  f a c t o r  t h e o r y  c o r r e l a t i o n  m a t r i c e s  (SS '>
Ta b l e  22.  m a t r i c e s  o f  f a c t o r - s c o r i n g  c o e f f i c i e n t s
F o l l o w i n g  t h e s e  t a b l e s ,  i n  F i g u r e s  1 - 18 ,  a r e  t h e  r ed u c e d  p a t h  d i a g r a m s  
f o r  t h e  mode l s .  F i n a l l y ,  i n d i c a t i o n s  o f  g o o d n e s s - o f - f i t  f o r  t h e  mode l s  
a r e  r e p o r t e d  a t  t h e  end o f  t h i s  c h a p t e r .
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Table 15. Means and standard deviations o f  varia tes (2nd subsample)
DESCRIPTIVE STATI STI CS FOR SECOND SUBSAHPLE
FEMALES MALES
VARIATE MEAN S T.  DEV. MEAN S T .  DE'
HSPC 2 6 . 3 4 4 . 7 0 2 6 .  18 5 . 2 9
HSCA 3 .  10 3 . 9 7 2 . 8 9 3 .  84
HSPS 1 4 . 3 7 5 . 1  1 1 5 . 8 8 5 . 4 8
OSAT 5 5 7 . 9 0 5 8 . 8 1 5 9 8 . 8 9 6 5 .  76
ALG 1 4 . 6 0 3 . 9 9 1 4 . 9 9 4 . 3 5
TRIG 4 . 2 9 2 . 2 2 5 .  18 2 . 5 8
SMDP 2 7 . 6 5 2 . 7 2 2 5 . 9 4 4 .  01
SMDN 2 7 . 2 0 3 . 6 3 2 5 . 3 3 4 .  20
PUMP 2 2 . 6 7 4 . 6 3 2 5 .  13 3 . 7 0
PUMN 2 4 . 6 9 4 . 2  9 2 5 .  28 4 . 5 0
ROMA 9 . 8 1 1 1 . 1 7 1 1 . 3 9 1 0 . 2 1
RQPS 2 1 . 8 5 2 6 . 8 0 3 5 . 7 5 3 3 . 4 2
AIKP 3 2 . 5 8 8 . 4 1 3 1 . 1 7 8 . 2 0
AIKN 3 6 . 8 3 7 . 2 7 3 6 . 9 7 8 . 0 5
CLMP 2 0 . 7 5 4 . 0 6 2 1 . 8 7 3 .  82
CLMN 2 2 . 7 7 4 . 5 5 2 3 .  2 2 4 . 4 2
EFMP 1 9 . 8 7 4 . 3 4 2 0 . 0 7 4 . 6 1
EFMN 2 2 .  43 4 . 9 2 2 1 . 7 9 5 .  13
CR1 5 9 . 4 2 1 6 . 8 6 6 3 . 5 6 1 3 .  91
CR2 5 0 . 9 4 1 5 . 4 0 5 6 . 6 8 1 2 . 7 0
PSVR £ . 2 6 2 . 6 9 6 . 8 2 3 . 5 9
GEFT2 5 . 9 7 2 .  1 0 6 . 3 9 2 . 18
GEFT3 7 . 5 3 1 . 9 6 7 . 9 7 1 . 2 9
HPT 1 10 7 . 8 8 1 6 . 5 1 1 1 4 . 3 9 1 8 . 7 4
HPT2 1 0 9 . 4 2 1 9 . 6 8 1 1 6 . 5 8 1 9 . 6 3
VSAT 4 8 8 . 7 1 63 . 6  9 5 0 5 . 5 6 7 8 . 8 3
NS 1 2 .  18 3 . 7 7 3 . 8 1 4 .  85
NS 2 2 . 8 2 4 . 2 5 6 . 2 4 4 . 1 7
DR 1 7 . 9 5 3 . 3 3 9 . 4 9 3 . 4 5
DR2 9 . 9 1 3 . 6 0 1 1 . 0 3 3 . 1 6
LCIP 5 . 0 2 1 . 6 7 5 . 5 7 1 . 7 9
LCIN 5 . 4 5 1 . 8 4 5 . 0 2 1 . 7 9
UNIT1 9 1 . 6 0 7 . 3 1 9 0 .  14 1 3 . 3 6
UNIT 2 6 5 . 9 0 2 2 . 8 0 7 1 . 5 7 21 . 6 7
UNIT3 7 4 . 5 2 2 6 . 3 3 7 9 .  39 1 9 .  04
UNTT4 6 4 . 2 9 2 7 . 8 2 6 7 .  10 2 4 . 6 2
FINAL 1 8 . C8 7 . 1 2 1 8 . 8 5 7 . 0 2
Table 16. Corre la tion matrices 157
CORRELATION MATRIX FOB FEMALES
rARTAT E HSPC HSCA HSPS QSAT ALG TRIG SMDP SMDN
HSPC 1 . 0 0 0 0 .  1 3 9 0 . 3 3 1 0 . 0 7 9 0 . 0 0 6 0 .  1 2 4 0 .  1 7 4 0 .  1 24
HSCA 0 .  189 1 . 0 0 0 0 .  2 6 3 0 . 201 0 . 1 7 1 0 .  149 0 . 0 4 2 L 0 . 0 2 3
HSPS 0 .  33 1 0 . 2 6 3 1 .OCO 0 . 2 8 0 0 .  154 0 . 1  43 0 . 1 1 9 0 . 0 9 6
OSAT 0 .  0 7 9 0 . 2 0 1 0 .  2 8 0 1 . 0 0 0 0 . 4 6 9 0 .  1 99 0 . 0 8 2 0 . 0 1 3
ALG 0 . 0 0 6 0 .  171 0 .  154 0 . 4 6 9 1 . 0 0 0 0 . 3 8 1 - 0 . 0 8 6 - 0 . 0 7 1
TRIG 0 . 12 9 0 .  1 4 9 0 . 1 4 3 C.  199 0 .  3 8 1 1 .  0 0 0 0 . 1 1 5 0 . 1 5 7
SMDP 0 .  179 0.  0 42 0 . 1 1 9 0 . 0  82 - 0 . 0 8 6 0 .  115 1 . 0 0 0 0 . 5 6 7
SMDN 0 .  129 - 0 .  0 2 3 0 .  096 0 . 0 1 3 - 0 . 0 7 1 0 . 1 5 7 0 . 5 6 7 1 . 0 0 0
PUMP 0 .  50  5 0 .  1 78 0 . 2 9 7 0 .  175 0 .  2 6 9 0 . 2 6 9 0 . 0 9 9 0 . 1 2 5
PUMN 0 . 3 0 7 0 .  1 5 9 0 .  2 0 7 0 . 3 2 8 0 . 181 0 .  3 5 6 0 .  2 8 4 0 . 3 0 9
ROMA 0 . 192 0 .  1 5 9 0 . 2 8 0 0 . 1 2  2 0 .  3 6 6 0 . 2 3 7 - 0 . 0 5 0 - 0 . 0 2 5
RQPS - 0 . 0  11 0 . 1 21 0 . 3 0 2 0 . 2 2 1 0 .  3 2 9 0 . 2 7 8 0 . 1 3 5 0 .  0 3 7
AIKP 0 . 2 2 9 0 . 2 9 2 0 .  271 0 . 3 3 1 0 .  3 4 2 0 .  130 0 . 0 2 0 0 .  1 5 7
AIKN 0 .  0 49 C. 2 2 9 0 . 2 4 3 0 . 4 1 5 0 .  341 0 . 1 9 9 - 0 . 0 3 5 0 . 0 5 6
CLMP 0 .  25 8 0 .  2 8 5 0 . 3 0 4 0 . 4 0 1 0 . 4 3 2 0 .  107 - 0 . 1 2 1 - 0 . 0 5 6
CLMN 0 .  0 5 4 0 .  2 9 0 0 .  2 5 3 0 . 4 6 1 0 .  376 0 . 1 0 1 - 0 . 0 7 3 0 . 0 2 2
EFMP 0 .  155 0.  1 67 0 .  2 4 2 0 . 2  66 0 .  2 5 7 0 . 0 7 3 0 . 0 6 0 0 .  1 5 7
EFMN 0 . 1 4 1 0 . 1 0 2 0 . 2 C 3 0 . 2 3 4 0 . 1 1 1 0 .  1 2 5 0 .  1 9 4 0 .  4 1 6
CR 1 - 0 . 2 C C - 0 . 2  C1 - 0 . 0 8 9 0 . 0 5  4 0 .  114 0 . 0 9 5 - 0 . 0 8 8 - 0 .  1 0 2
CR2 - 0 . 0 1 2 - 0 .  1 99 - 0 .  03 8 0 . 168 0 .  2 4 5 0 . 1 4 6 - 0 .  0 0 2 - 0 . 0 8 3
PSVR 0 . 0 1 7 0 . 0  17 0 .  071 0 . 160 0 . 2 4 0 0 .  123 - 0 . 0 0 6 0 .  1 0 2
GEFT2 - 0 . C71 - 0 . 0 0 5 0 .  154 0 . 2 5 8 0 .  189 - 0 . 0 1 5 0 . 0 1 0 - 0 . 0 3 2
GEFT3 - 0 .  132 0 .  0 2 9 0 .  06 9 0 . 2 2 7 0 . 2 3 6 0 . 0 7  6 0 .  0 2 6 - 0 . 0 1 0
HPT1 - 0 .  141 0 . 0 1 1 0 .  1 0 9 0 . 1 0 7 0 . 2 8 9 0 . 0 1 6 0 . 0 9 7 0 . 0 1 2
HPT 2 - 0 . C? 1 - 0 . 1 0 8 0 .  125 0 . 0 7 9 0 .  163 0 . 0 2 3 0 .  1 4 6 0 . 0 9 1
VSAT 0 .  0 7 7 - 0 . 0 1 7 0 .  0 5 0 0 . 3 8 7 0 . 0 9  3 - 0 . 1 1 2 0 .  1 8 6 0 . 1 6 7
N S 1 - 0 . 0 3 1 0 . 1 4 1 0 . 11 8 0 . 2 2 2 0 .  137 0 . 1 2 7 0 . 0 4 0 - 0 . 1 0 9
NS2 0 . 0 2 6 - 0 . 0  15 0 .  32 0 0 . 2 0 4 0 . 0 2 2 0 . 0 6 C 0 .  01 9 0 . 0 6 6
DP. 1 - 0 . C 3 9 - 0 . 1 0 1 0 .  2 2 7 0 . 2 9 5 0 . 0 4 6 - 0 . 1 9 7 0 . 0 1 9 0 . 0 6 1
DR2 0 .  177 - 0 . 0 7 0 0 .  32 7 0 . 2 4 9 - 0 . 0 1 3 - 0 . 2 5 0 0 . 2 0 4 0 . 0 1 9
LCIP - 0 . 2 6 6 0 .  0 2 0 0 . 0 6 8 0 . 0 2 9 0 . 0 1 3 0 . 1 1 3 0 . 0 8 2 0 . 1 7 3
LCIN - 0 .  168 - 0 . 0 6 6 - 0 .  1 63 - 0 . 0 6 9 - 0 . 2 8 9 0 .  1 33 - 0 . 0 4 1 0 . 1 0 2
UNTT1 -  0 . C4 6 C. 2 05 - 0 .  0 4 6 0 . 0 8 9 0 .  2 4 2 0 . 2  02 - 0 . 1 2 2 0 .  151
UNIT2 0 . 18 1 0 .  2 3 0 0 . 2 9 5 0 . 2 1 8 0 .  3 4 7 0 . 3 6 6 0 . 1 3 4 0 .  176
UNIT3 0 .  223 0 .  1 73 C.  055 0 . 0 9 5 0 .  3 5 5 0 . 3 2 1 - 0 . 0 7 4 0 . 0 3 3
UNIT4 0 .  244 C . 2 5 3 0 . 3 4 7 0 . 2 2 6 0 .  4 0 4 0 . 3 8 1 - 0 . 0 6 1 - 0 . 0 3 5
FINAL 0 .  26 9 0 .  4 3 4 0 . 3 6 3 0 . 3 5 1 0 .  4 4 0 0 . 2  80 0 . 0 3 1 0 . 0 7 5
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C O R R E L A T I O N  MATRI X FOR F EMALES
fARIATE PUME PU M N FQM A RQPS AIKP AIKN CLMP CLHN
HSPC 0 .  5 0 5 0 .  3 0 7 0 .  192 - 0 . 0 1 1 0 .  2 2 9 0 . 0 4 4 0 . 2 5 8 0 . 0 5 4
HSCA 0 .  178 0.  1 5 9 0 .  1 5 9 0 . 1 2 1 0 .  29 2 0 . 2 2 9 0 . 2 8 5 0 . 2  90
HS?S 0 .  2 9 7 0 . 2  07 0 . 2 8 0 0 . 3  02 0 .  271 0 .  2 4 3 0 . 3 0 4 0 . 2  53
OSAT 0 .  175 0 . 3 2 8 0 .  1 2 2 0 . 2 2 1 0 . 3 3 1 0 . 4 1 5 0 . 4 0 1 0 . 4 6 1
A LG 0 . 2 6 S 0 . 181 0 . 3  66 0 . 3 2 9 0 .  3 42 0 . 3 4  1 0 . 4 3 2 0 . 3 7 6
TRIG 0 . 2 6 9 0 . 3  56 0 . 2 3 7 0 . 2 7 8 0 . 1 3 0 0 . 1 9 9 0 .  107 0 . 101
SMDP 0 .  CSS 0 . 2 8 4 - 0 .  0 5 8 0 .  135 0 . 0 2 0 - 0 . 0 3 5 - 0 . 1 2 1 - 0 .  073
SMDN 0 .  125 0 . 3 0 S - 0 .  02 5 0 . 0 3 7 0 .  157 0 . 0 5 6 - 0 . 0 5 6 0 .  0 2 2
PUMP 1 . 0 0 0 0 . 6 9 5 0 . 2 8 0 0 . 3 2 5 0 .  3 1 2 0 . 0 7 C 0 .  4 4 8 0 .  1 59
PTJMN 0 . 6 9 5 1 . 0 0 0 0 .  17 7 0 . 3 5 2 0 .  361 0 .  2 7 9 0 . 3 3 3 0 . 2 6 0
P.QM A 0 .  2 8 0 0.  1 77 1 . 0 0 0 0 . 3 7 1 0 . 3  08 0 .  199 0 . 3 2 6 0 . 2 5 0
RQPS 0 . 3 2 5 0 . 3 5 2 0 .  371 1 . 0 0 0 0 . 3 2 7 0 . 4 3  1 0 . 3 6 1 0 . 4 4 6
AIKP 0 . 3 1 2 0 .  3 6 1 0 . 3  08 0 . 3 2 7 1 . 0 0 0 0 . 82 C 0 . 6 8 8 0 . 7 3 8
AIKN 0 . 0 7 C C. 2 79 0 .  1 99 0 . 4 3 1 0 . 8 2 0 1 . 0 0 0 0 .  6 1 7 0 . 8 2 8
CLMP o .  44  8 0 . 3  33 0 . 3 2 6 0 . 3 6 1 0 . 6 8 8 0 . 6 1 7 1 . 0 0 0 0 . 8 0 3
CL PIN 0 .  159 0 . 2 6 0 0 . 2 5 0 0 . 4 4 6 0 .  7 3 8 0 . 82 6 0 .  803 1 . 0 0 0
EFMP 0 .  5 2 6 0 . 4  16 0 .  154 0 . 3 5 7 0 . 6 6 5 0 . 4 5 7 0 .  5 1 4 0 .  441
EFMN 0 .  9 7 4 C . 5 8 5 0 . 0 9  5 0 . 2 5 4 0 . 6 2 7 0 . 4 8 2 0 . 4 3 2 0 .  4 3 4
CE1 - 0 . 143 - 0 . 1 2 2 - 0 .  031 - 0 . 0 6 8 - 0 . 0 7 7 0 . 0 6 9 0 . 0 3 7 0 .  0 4 9
CR2 - 0 . 0 5 8 - 0 . 0 2 2 - 0 . 0 5 2 - 0 . 0 7 9 0 . 026 . 0 . 0 7 4 0 .  173 0 .  1 44
PSVR 0 .  0 2 3 - 0 .  0 7 9 0 .  109 0 . 0 8 1 0 . 3 1 9 0 . 3 5 5 0 . 2 6 5 0 . 3 1 5
GEFT2 - 0 . 132 0 . 0  18 - 0 .  036 - 0 . 1 5 9 0 . 12  1 0 .  194 - 0 . 0 4 4 - 0 . 0 2 3
GEFT3 - 0 . 2 3 5 0 .  0 2 4 0 .  0 0 9 0 . 0 1 4 0 .  116 0 . 2 7 4 - 0 . 0 0 9 0 . 1 1 2
HFT1 - 0 .  137 - 0 . 1 1 3 0 .  1 3 5 0 . 0 3 3 - 0 . 0 0 8 0 . 0 5 4 0 .  0 9 5 0 . 0 6 4
HPT2 0 . 0 5 5 0 . 2 5 4 0 .  C79 0 . 0 4 2 0 . 0 9 9 0 .  184 0 . 2 7 4 0 . 1  88
VSAT 0 . 0 4 9 0.  117 - 0 . 0 0 5 0 . 0 0 5 - 0 .  177 - 0 . 1 4 1 - 0 .  0 0 3 - 0 . 0 5 8
MS 1 0 .  0 4 9 - 0 .  0 5 3 - 0 . 0 4 6 - 0 . 0 3 9 - 0 . 0 7 9 - 0 . 0 8 7 - 0 . 0 1 8 - 0 . 0 7 9
NS2 0 .  177 - C .  071 0 .  152 0 . 1 2 3 - 0 .  105 - 0 . 0 9 4 0 .  1 0 7 - 0 . 0 2 7
DP 1 - 0 . C 8 1 - 0 .  1 11 0 . 0 0 1 - 0 . 0 0 5 0 . 0 3 6 0 . 0 6 6 - 0 . 0 5 4 0 . 0 2 6
DR2 0 .  0 3 9 - 0 . 0 0 7 - 0 . 0 0 3 - 0 . 0 6 3 0 .  134 0 .  1 0 3 0 . 0 9 0 0 . 0 4 0
LCTP 0 .  142 0.  1 4 2 - 0 . 1 9 0 0 . 1 3 3 0 .  149 0 . 1 7 1 0 . 2 1 8 0 . 2 6 4
LCIN 0 .  031 - 0 . 0  04 - 0 . 0 3 2 0 . 0 3  8 - 0 . 2 2 2 - 0 . 1 2 9 - 0 . 0 3 5 - 0 . 0 4 6
UNTT1 0 .  3 3 2 0 . 281 0 . 2 0 0 0 . 1 3 5 0 .  0 8 3 0 . 0 8 5 0 . 2 6 5 0 .  1 89
UNIT2 0 . 3 S 7 0 . 3 3 1 0 .  2 9 2 0 .  331 0 .  2 14 0 . 2 5 6 0 . 2 4 9 0 . 2 7 0
UNIT3 0 . 3 3 5 0 .  0 7 5 0 .  187 0 . 2 3 6 0 .  0 3 2 0 .  0 2 4 0 . 1  80 0 . 0 7 6
UNIT4 0 .  3 4 2 0.  1 31 0 .  1 7 9 C . 3 0 8 0 . 2 3 8 0 . 2 2 8 0 . 3 2 0 0 . 2 7 8
FINAL 0 . 4 7 6 0 . 2 8 2 0.  2 8 7 0 . 3 4 0 0 .  2 1 2 0 .  2 4 6 0 .  4 1 8 0 .  3 5 6
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CORE E L A T I O N  MATRIX FOR FEMALES
rARI ATE EFMP EFMN CR 1 CR2 PSVR GEFT2 GEFT3 HPT 1
HSPC 0 .  155 0 .  141 - C . 2 C 0 - 0 . 0 1 2 0 .  0 1 7 - 0  . 0 7 1 - 0 .  1 32 - 0 . 1 4 1
H SC A 0 . 161 0 . 1 0 2 - 0 . 2 C1 - 0 . 1  99 0 . 0 1 7 - 0 . 0 0 5 0 . 0 2 9 0 , 0  11
HSPS 0 .  2 4 2 0.  2 03 - 0 . 0 8 9 - 0  . 0 3 8 0 .  071 0 .  154 0 .  0 6 9 0 . 1  09
OSAT 0 . 2 6 6 0.  2 3 4 0 . 0 5 4 0 . 1 6 8 0 . 1 60 0 . 2 5 6 0 .  2 2 7 0 . 1  07
ALG 0 . 2 5 1 0 . 1  11 0 .  114 0 . 2 4 5 0 . 2 4 0 0 . 1 8 9 0 . 2 3 6 0 . 2 8 9
TRIG 0 . 0 7 3 0.  1 25 0 .  C55 0 . 1 4 8 0 .  123 - 0 . 0 1 5 0 . 0 7 6 0 . 0 1 6
SMDP 0 . 0 6 0 0 .  194 - 0 . 0 8 8 - 0 . 0 0 2 - 0 . 0 0 6 0 . 0 1 0 0 . 0 2 6 0 . 0 9 7
SMDN 0 .  151 0 . 4  16 - 0 . 1 0 2 - 0 . 0 8 3 0 . 1 0 2 - 0 . 0 3 2 - 0 . 01 0 0 . 0 1 2
POMP 0 .  5 2 6 0 .  4 1 4 - 0 . 1 4 3 - 0 . 0 5 8 0 . 0 2 3 - 0 .  132 - 0 . 2 3 5 - 0 . 1 3 7
PUMM 0 . 4 1 6 0 . 5 8 5 - 0 . 1 2 2 - 0 . 0 2 2 - 0 . 0 7 9 0 . 0 1 8 0 . 0 2 4 - 0 . 1  13
RQM A 0 .  154 0 .  0 9 5 - 0 . 0 3  1 - 0 . 0 5 2 0 .  109 - 0 . 0 3 6 0 . 0 0 9 0 .  135
RQPS 0 . 3 5 7 0 . 2  54 - 0 . 0 6 8 - 0 . 0 7 9 0 . 0 8 1 - 0 .  159 0 . 0 1 4 0 . 0 3 3
AIKP 0 .  665 0 . 6 2 7 - 0 . 0 7 7 0 . 0 2 6 C. 31 9 0 . 1 2 1 0 .  1 16 - 0 . 0 0 8
AIKN 0 .  4 5 1 0 . 4 8 2 0 .  0 6 9 0 . 0 7 4 0 .  3 5 5 0 . 1  94 0 . 2 7 4 0 . 0 5 4
CLMP 0 . 5 1 4 0 . 4 3 2 0 .  0 3 7 0 .  1 73 0 . 2 6 5 - 0 . 0 4  4 - 0 . 0 0 9 0 . 0 9 5
CLKN 0 . 4 4 1 C. 4  34 0 . 0 4 9 0 . 1 4 4 0 . 3 1 5 - 0 . 0 2 3 0 . 1 1 2 0 . 0 6 4
EFMP 1 . 0 0 0 0 .  7 9 7 - 0 . 1 6 2 - 0 . 1  03 0 . 0 9 1 - 0 . 0 6 3 - 0 . 1 2 9 - 0 . 0 9 7
EFMN 0 . 7 9 7 1 . 0 0 0 - 0 . 1 8 0 - 0 . 1 4 2 0 .  0 9 8 0 . 0 2 9 - 0 . 0 1 4 - 0 . 0 5 7
C R1 - 0 . 1 6 2 - 0 . 1 8 0 1 . 0 0 0 0 . 7 6 5 0 .  28 0 0 . 2 6 4 0 .  1 4 5 0 . 3 6 3
CR2 - 0 .  103 - 0 . 1 4 2 0 . 1 6  5 1 . 0 0 0 0 . 3 6 7 0 .  164 0 .  1 7 5 0 . 3 4 0
PSVP. 0 . 0 9 1 0 .  0 9 8 0 . 2 8 0 0 . 3 6 7 1 . 0 0 0 0 . 1 1 3 0 . 2 0 1 0 . 2 1 8
GEFT2 - 0 . 0 6 3 0.  0 2 9 0 . 2 6 4 0 . 1 6 4 0 . 1 1 3 1 . 0 0 0 0 . 6 9 0 0 . 3 3 4
GEFT3 - 0 .  129 - 0 . 0 1 4 0 .  14 5 C . 1 1 5 0 . 2 0 1 0 . 6 9 0 1 . 0 0 0 0 . 2 8 3
HPT1 - 0 . C91 - 0 . 0 5 7 0 . 3 6  3 0 . 3 4 0 0 . 2 1 8 0 . 3 3 4 0 . 2 8 3 1 . 0 0 0
HPT2 0 .  0 5 2 0 .  1 35 0 .  4 2 2 0 . 3 1 6 0.  1 69 0 . 1 9 6 0 . 0 7 8 0 . 6 9 3
VS AT 0 . 1 1 0 0 .  1 9 9 - 0 .  152 0 . 0 0 9 0 . 0 5 4 0 . 0 1 6 0 . 0 9 7 0 . 0 3 8
NS 1 0 . 121 - 0 . 1 1 5 - 0 .  0 5 6 0 . 0 1 5 0 .  148 0 . 1 2 9 0 . 0 8 1 - 0 . 0 6 1
NS2 - 0 . 0 7 6 - 0 .  1 05 0 . 0 8 8 0 . 0 8 0 0 . 0 0 1 0 . 1  04 0 .  1 03 0 . 1 1 2
DB 1 0 . 182 0.  135 0 .  1 5 7 0 . 2 0 0 0 .  2 7 4 0 . 1  96 - 0 . 0 5 3 0 .  0 0 3
DR2 0 .  18 1 0 .  165 0 . 2 1  1 0 . 3 0 2 0 . 2 6 4 0 . 2 3 4 0 . 0 3 7 0 .  195
LCIP 0 . 4 2 8 0.  2 96 0 . 16 1 0 .  138 - 0 . 0 9 6 - 0 . 138 - 0 . 2 2 8 0 .  0 86
LCIN - 0 . 1 5 2 - 0 . 0 8 8 0 .  153 - 0 . 0 4 1 - 0 . 2 3 1 - 0 . 2 3 9 - 0 . 4 0 3 - 0 . 0 4 3
U NIT 1 0 .  11 C 0 .  127 0 .  103 - 0 . 0 3 1 0 .  129 - 0 .  123 - 0 . 1 3 8 - 0 . 0 3 3
UNTT2 0 .  25 9 0 .  1 14 0 .  053 0 . 1 2 0 - 0 . 0 2 2 - 0 . 0 4 2 - 0 . 0 0 9 0 . 0 4 2
ONIT3 0 .  192 - 0 . 0 0 5 0 .  0 9 9 0 . 1  30 0 .  0 43 - 0 . 0 9 1 - 0 . 0 2 2 - 0 . 0 4 7
UNIT4 0 .  2 4 8 C. 0 9 6 0 .  1 55 0 . 1 9 7 0 . 0 4 8 0 . 081 0 .  1 46 0 . 0 4 7
FINAL 0 .  219 0 . 2  16 C. 01 0 0 . 0 5 3 0 . 0 7 7 - 0 . 0 5 0 - 0 . 0 1 1 0 .  005
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C O R R E L A T I O N  MATRI X FOR F  i l l  AX ES
f AEIATE HPT2 VS AT NS 1 NS2 DR 1 DR 2 LCIF LCIN
HSPC - 0 . 0 9 1 0.  0 7 7 - 0 .  031 0 . 0 2 6 - 0 .  0 3 9 0 .  177 - 0 . 2 6 6 - 0 . 1 6 8
HSCA - 0 . 1 0 8 - 0 . 0  17 0 .  141 - C . 0 1 5 - 0 . 1 0 1 - 0 . 0 7 C 0 . 0 2 0 - 0 . 0 6 6
H5PS 0 . 1 2 5 0.  0 5 0 0 .  118 0 . 3 2 0 0 . 2 2 7 0 . 3 2 7 0 . 0 6 8 - 0 . 1 6 3
QSAT 0 . 0 7 9 0 . 3 8 7 0 . 2 2 2 0 . 2  C4 0 . 2 9 5 0 .  2 4 9 0 .  0 2 9 - 0 . 0 6 9
ALG 0 .  163 0.  0 9 3 0.  1 3 7 0 . 0 2 2 0 .  04 6 - 0 . 0 1 3 0 .  0 1 3 - 0 . 2 8 9
TRIG 0 . 0 2 3 - 0 . 1 12 0 .  1 2 7 0 . 0 6 0 - 0 .  197 - 0 . 2 5 0 0 .  1 1 3 0 .  1 33
SHDP 0 .  146 0 . 1 86 0 .  04 0 C . 0 1 9 0 . 0 1 9 0 . 2 0 4 0 .  0 8 2 - 0 . 0 4 1
SMDN 0 . 0 9 1 0.  1 67 - 0 . 1 0 9 0 . 0 6 6 0 . 0 6 1 0 . 0 1  9 0 . 1 7 3 0 . 1 0 2
PUMP 0 . 0 5 5 0.  0 4 9 0 .  0 4 9 0 .  177 - 0 . 0 8 1 0 . 0 3 9 0 .  142 0 . 0 3 1
PUMN 0 . 2 5 4 0.  1 17 - 0 . 0 5 3 - 0 . 0 7 1 - 0 . 1 1 1 - 0 . 0 0 7 0 .  142 - 0 . 0 0 4
ROMA 0 . C 7 S - 0 . 0 8 5 - 0 .  0 4 6 0 .  152 0 .  0 0 1 - 0 . 0 0 3 - 0 . 1 9 0 - 0 . 0 3 2
RQPS 0 .  0 4 2 0.  0 0 5 - 0 . 0 3 9 0 . 1 2 3 - 0 . 0 0 5 - 0 . 0 6 3 0 .  133 0 .  0 3 8
AIKP 0 . 0 9 9 - 0 . 1 7 7 - 0 . 0 7 9 - 0 . 1 0 5 0 . 0 3  6 0 .  134 0 .  149 - 0 . 2 2 2
AIKN 0 .  184 - 0 . 141 - 0 .  0 8 7 - 0 . 0 9 4 0 . 0 6 6 0 . 1 0 3 0 .  171 - 0 . 1 2 9
CLMP 0 .  274 - 0 . 0  03 - 0 .  01 8 0 . 1 0 7 - 0 . 0 5 4 0 . 0 9 0 0 . 2 1 8 - 0 .  0 35
CLMN 0 . 188 - 0 . 0 5 3 - 0 . 0 7 9 - 0 . 0 2 7 0 . 0 2 6 0 . 0 4 0 0 . 2 6 4 - 0 . 0 4 6
EFMP 0 . 0 5 2 0 . 1 1 0 0 . 121 -  0 . 0 7 8 0 . 182 0 , 1 8 1 0 . 4 2 8 - 0 . 1 5 2
EFMN 0 .  135 0 .  1 99 - 0 . 1 1 5 - 0 . 1 0 5 0 .  135 0 .  165 0 .  2 9 6 - 0 . 0 8 8
CR1 0 . 4 2 2 - 0 . 1 5 2 - 0 . 0 5 6 0 . 0 8 8 0 .  157 0 . 2 1 1 0 .  161 0 . 1 5 3
CR2 0 . 3 1 6 C. 0 0 9 0 . 0 1 5 0 . 0 8 0 0 . 2 0 0 0 .  3 02 0 .  1 3 8 - 0 . 0 4 1
PS VR 0 .  169 0 . 0 5 4 0 .  1 4 8 C. 0 0 1 0 .  27 4 0 . 2 6 4 - 0 . 0 9 6 - 0 . 2 3 1
GFFT2 0 .  1 96 0 . 0 7 6 0 .  1 2 9 0 .  1 04 0 .  196 0 . 2 3 4 - 0 . 1 3 8 - 0 . 2 3 9
GEFT3 0 . 0 7 8 0 .  0 9 7 0 . 0 8 1 0 .  1 03 - 0 . 0 5 3 0 .  03  7 - 0 . 2 2 8 - 0 . 4 0 3
u p t  1 0 .  6 9 3 0 .  0 3 0 - 0 . 0 6 1 0 . 1 1 2 0 . 0 0 3 0 . 1 9 5 0 . 0 8 6 - 0 . 0 4 3
HPT 2 1 . CCC 0 . 0 3 8 - 0 . 1 0 5 - 0 . 0 7 0 - 0 . 0 0 7 0 . 2 3 0 0 . 2 2 4 0 . 2 4 6
VS AT 0 . 0 3  8 1 , 0 0 0 0 .  2 4 8 0 . 3 4 9 0 .  31 1 0 . 2 6 6 - 0 . 0 0 1 0 . 1 1 8
NS1 -  0 . 1 C 5 0 .  2 4 8 1 . 0 0 0 0 . 3 1 2 0 .  107 0 . 0 6 4 0 .  2 8 4 - 0 . 0 1 8
NS2 - 0 . C 7 C C . 3 4 9 0 . 3 1 2 1 . 0 0 0 0 . 1 1 5 0 . 0 . 3 7 0 . 2 0 4 0 . 2 7 8
DR 1 - 0 . 0 0 7 0 . 3  11 0.  1 07 0 .  1 15 1 .  0 0 0 0 ,  6 4 2 0.  1 25 0 . 0 3 7
CR2 0 , 2 3 0 0 .  2 6 6 0 .  0 6 4 0 . 0 3 7 0 . 6 4 2 1 . OOC 0 . 0 1 7 - 0 . 1 8 8
LCI ? 0 . 2 2 4 - 0 . 0 0 1 0 .  2 8 4 0 . 2  C4 0 .  125 0 . 0 1 7 1 . 0 0 0 0 . 2 8 2
ICIM 0 .  2 4 6 0 . 1 18 - 0 , 0 1 8 0 . 2 7 8 0 .  0 3 7 - 0 .  188 0 .  2 8 2 1 . 0 0 0
UNIT1 0 . 1 6 8 - 0 . 0 1 0 0 . 0 0 6 - 0 . 0 0 9 - 0 . 1 6 4 - 0 . 0 8 1 0 . 166 0 . 3 7 3
UNIT2 0 .  C78 0 . 0 1  1 0 .  1 6 7 0 . 2 0 3 - 0 . 0 1 0 0 . 0 9 2 0 .  193 0 .  1 58
UNIT3 - 0 . 0 9 5 - 0 .  0 0 8 0 .  1 38 0 . 1 3 8 - 0 . 1 5 1 - 0 . 1 6 7 0 . 1 2 9 . 0 . 1 5 8
UNIT4 - 0 . 0 0 3 - 0 . 0 0 2 0 . 1 6 2 0 . 2  39 - 0 . 1 7 3 0 ,  0 4 8 0 . 211 0 .  0 05
FINAL - 0 . 0 1 4 C. 1 4 0 0 . 2 0 5 0 . 2 2 7 - 0 . 0 5 8 0 .  0 3 8 0 .  14 9 - 0 . 0 6 3
COPE E L AT I O N HATS IX F O P  FEMALES
VARTATE UNIT 1 UNIT2
HSPC - 0 . 0 4 6 0 . 181
HSCA 0 . 2 0 5 0 . 2  3 0
HSPS - 0 . 0 4 6 0 . 2  95
OSAT 0 .  C8 5 0 . 2  18
AIG 0 .  2 4 2 G. 3 4 7
TRIG 0 . 2 0 2 0 .  3 68
SHDP - 0 . 1 2 2 0 .  1 3 4
SMDN 0 . 1 5 1 0 .  1 76
PUMP 0 . 3 3 2 0 .  3 9 7
PIJMN 0 . 2 8 1 C . 3 3 1
ROMA 0 . 2 0 0 0.  2 92
RQPS 0 .  135 0 . 3 3 1
AIKP 0 . 0 8 3 0 . 2 1 4
AIKN 0 . C 8 5 0 . 2 5 6
CLMP 0 .  2 6 5 C . 2 4  9
CLMN 0 . 188 0 . 2 7 0
EFMP 0 . 110 0 . 2 5 9
EFMN 0 . 127 0 . 1  74
CP1 0 .  103 0 . 0 5 3
CP2 - 0 . 0 3 1 0 . 1 2 0
PS VR 0 . 129 - 0 . 0 2 2
GEFT2 - 0 . 1 2 3 - 0 .  0 4 2
GEFT3 - 0 .  138 - 0 . 0 0 9
HPT 1 - 0 . 0 2 3 0 .  0 4 2
HPT2 0 . 168 0 . 0 7 8
VSAT - 0 . C 1 C 0 . 0 1 1
NS1 0 . 0 0 6 0 .  1 67
NS2 - 0 . CO 9 0 .  2 0 3
DP1 - 0 . 1 6 4 - 0 . 0 1 0
DR2 - 0 . 0 8  1 0.  0 9 2
LC I ? 0 . 166 0.  193
LCIN 0 . 3 7 3 0 .  1 5 8
UNI T1 1 . 0 0 0 0.  4 9 6
0NIT2 0 . 4 9 6 1 . 0 0 0
UNIT 3 0 . 5 6 3 C. 6  59
UNIT4 0 .  4 7 C 0.  7 2 2
FINAL 0 .  5 25 0 . 7  19
UNTT3 UNIT4 FINAL
0 .  2 2 3 0 . 2 4 4 0 . 2 6 9
0 .  173 0 . 2 5 3 0 .  4 3 4
0 .  055 0 . 3 4 7 0 . 3 6  3
0 .  0 9 5 0 . 2 2 6 0 . 3 5 1
0 . 3 5 5 0 . 4  04 0 .  4 4 0
0 . 3 2 1 0 . 3 8 1 0 . 2 8 0
- 0 .  074 - 0 . 0 6 1 0 . 0 3 1
0.  033 - 0 . 0 3 5 0 .  0 7 5
0 .  3 3 5 0 . 3 4 2 0 . 4 7 8
0 . 0 7 5 0 . 1 3 1 0 .  282
0 .  187 0 . 1 7 9 0 .  2 8 7
0 .  23 6 0 , 3  08 0 . 3 4 0
0 .  0 3 2 0 . 2 3 8 0 . 2 1 2
0 .  024 0 . 2 2 8 0 . 2 4 6
C . 1 8 0 0 . 3 2 0 0 . 4 1 8
0 .  0 7 6 0 . 2 7 8 0 .  3 5 6
0 .  192 0 . 2 4 8 0 .  31 9
- 0 .  CC5 0 . 0 9 6 0 . 2 1 6
0.  0 9 9 0 .  155 0 . 0 1 0
0 .  1 3 0 0 . 1 9 7 0 . 0 5 3
0 .  04 3 0 . 0 4 8 0 . 0 7 7
- 0 . 0 9 1 0 . 081 - 0 . 0 5 0
- 0 . 0 2 2 0 . 1 4 6 - 0 . 0 1 1
- 0 .  C47 C. 0 4 7 0 . 0 0 5
- 0 . 0 9 5 - 0 . 0 0 3 - 0 . 0 1 4
- 0 . 0 0 8 - 0 . 0 0 2 0 .  1 4 0
0 . 1 3 8 0 . 1 6 2 0 . 2 0 5
0.  138 0 . 2 3 9 0 . 2 2 7
- 0 .  151 - 0 . 1 7 3 - 0 . 0 5 8
- 0 .  167 0 . 0 4 8 0 .  03 8
0 .  1 2 9 0 . 2 1 1 0 .  149
0 .  153 0 . 0 0 5 - 0 . 0 6 3
0 .  5 6 3 0 . 4 7 0 0 . 5 2 5
0.  6 9 9 0 . 7 2 2 0 . 7 1 9
1 . 0 0 0 0 . 8 1 1 0 . 7 5 3
0 . 81 1 1 . 0 0 0 0 . 7 7 3
0 .  7 5 3 0 . 7 7 3 1 . 0 0 0
C O R R E L A T I O N  HATH IX FOR F E MAL E S
VARIATE UNIT1 UNIT2 ONTT3 UNI T4 FINAL
HSPC - 0 . 0 4 6 0 . 181
HSCA 0 .  2 0 5 0.  2 3 0
HSPS - 0 . 0 4 6 0 . 2  95
OSAT 0 .  C 8 9 0 . 2 1 8
AIG 0 . 2 4 2 0.  3 4 7
TRIG 0 .  2 0 2 0 .  3 68
SMDP - 0 . 1 2 2 0 .  1 3 4
SMDN 0 .  151 0 .  1 76
PUMP 0 . 3 3  2 0 .  3 9 7
PUMN 0 . 281 C . 3 3 1
ROMA 0 . 2 0 0 0.  2 92
RQPS 0 .  135 0 .  3 3 1
AIKP 0 . 0 8 3 0 . 2 1 4
AIKN 0 . C 8 5 0 . 2 5 6
CLMP 0 .  26 5 C. 2 4  9
CLMN 0 . 18 S 0 . 2 7 0
EFMP 0 . 1 1 0 0.  2 5 9
EFMN 0 . 127 0 . 1  74
CR1 0 .  103 0 . 0 5 3
CR2 - 0 . 0 3 1 0 . 1 2 0
PS VR 0 . 129 - 0 . 0 2 2
GEFT2 - 0 . 1 2  3 - 0 . 0 4 2
GEFT3 - 0 . 1 3 8 - 0 . 0 0 9
HPT 1 - 0 . 0 3 3 0 .  0 4 2
HPT2 0 . 168 0 . 0  78
VSAT - 0 .  01 C 0 . 0 1 1
NS1 0 . 0 0 6 0 .  1 67
NS2 - 0 . C09 0 .  2 0 3
DR 1 - 0 . 1 6 4 - 0 . 0 1 0
DR2 - 0 . 0 8 1 0.  0 9 2
LC IP 0 . 166 0.  1 93
LCIN 0 . 3 7 3 0 .  158
UNTT1 1 . 0 0 0 0.  4 9 6
UNTT2 0 . 4 9 6 1 . 0 0 0
UNIT 3 0 . 5  63 C. 6  99
UNIT a 0 .  4 7 0 0 .  7 2 2
FINAL 0 .  5 2 5 0 . 7  19
0 .  2 2 3 0 . 2 4 4 0 . 2 6 9
0 .  173 0 . 2 5 3 0 .  4 3 4
0 .  0 55 0 . 3  47 0 . 3 6  3
0 . 0 9 5 0 . 2 2 6 0 .  351
0 . 3 5 5 0 . 4  04 0 .  4 4 0
0 . 3 2 1 0 . 3 8 1 0 . 2 8 0
- 0 . 0 7 4 - 0 . 0 6 1 0 .  031
0 .  0 3 3 - 0 . 0 3 5 0 .  0 7 5
0 .  3 3 5 0 . 3 4 2 0 . 4 7 8
0 . 0 7 5 0 . 1 3 1 0 . 2 8 2
0 .  187 0 .  179 0 . 2 8 7
0 . 2 3  6 0 . 3  08 0 . 3 4 0
0 . 0 3 2 0 . 2 3 8 0 . 2 1 2
0 .  0 2 4 0 . 2 2 8 0 . 2 4 6
C . 1 8 0 0 . 3 2 0 0 . 4 1 8
0 .  0 7 6 0 . 2 7 8 0 .  3 5 6
0 .  192 0 . 2 4 3 0 .  31 9
- 0 .  CC5 0 . 0 9 6 0 .  2 1 6
0 .  0 9 9 0 .  155 0 . 0 1 0
0 .  1 3 0 0 .  1 97 0 . 0 5 3
0 .  04 3 0 . 0 4 8 0 . 0 7 7
- 0 . 0 9 1 0 . 0 8 1 - 0 . 0 5 0
- 0 . 0 2 2 0 .  1 46 - 0 . 0 1 1
- 0 . C47 C . 0 4 7 0 . 0 0 5
- 0 . 0 9 5 - 0 . 0 0 3 - 0 . 0 1 4
- 0 . 0 0 8 - 0 . 0 0 2 0 .  1 4 0
0 .  13 8 0 . 1 6 2 0 . 2 0 5
0.  138 0 . 2 3  9 0 . 2 2 7
- 0 .  15 1 - 0 . 1 7 3 - 0 . 0 5 8
- 0 .  1 6 7 0 . 0 4 8 0 .  03 8
0 .  1 2 9 0 . 2 1 1 0 .  149
0 .  153 0 . 0 0 5 - 0 . 0 6 3
0 . 5 6 3 0 . 4 7 0 0 .  5 2 5
0 .  6 9 9 0 . 7 2 2 0 . 7 1 9
1 . 0 0 0 0 . 8 1 1 0 . 7 5 3
0 . 81 1 1 . 0 0 0 0 . 7 7 3
0 .  7 5 3 0 .  773 1 . 0 0 0
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C O R R E L A T I O N  MATPTX FOR HALES
fAPTATE PUKE PUMN ROMA E CPS AIKP AIKN CLMP CLMN
HSPC 0 .  2 9 4 0.  1 67 0 . 2 4 9 C. 1 32 0 .  3 0 6 0 .  2 5 8 0 . 3 5 4 0 . 2 3 4
HSCA 0 . 2 8 2 0.  3 4 0 0 .  2 9 6 0 . 2 7 3 0 . 2  CO 0 . 1 8 4 0 . 2 2 4 0 . 2 6 4
HSPS ■0.2 1C C. 1 3 8 0 . 0 6 1 0 . 2 8 4 0 . 2 8 0 0 . 2 6 C 0 . 1 1 8 0 . 1 4 8
OSAT 0 .  37 2 C. 4 0 5 0 .  2 2 2 0 . 3  94 0 . 3  09 0 . 3 1 7 0 . 2 6 4 0 . 3  85
AI.G 0 . 3 6 3 0 . 2 8 6 0 .  321 0 . 3 6 C 0 . 3 5 8 0 . 3 5 2 0 . 2 8 0 0 . 4 0 1
TRIG 0 . 24 0 . 2 6 0 0 . 3 7 1 0 . 2 3 6 0 .  4 2 9 0 . 4 6 3 0 . 4 0 0 0 . 4 5 1
SMDP 0 . 0 3 6 - 0 . 0 5 8 - 0 . 0 7 5 0 . 0  04 - 0 .  132 - 0 . 1 4 9 - 0 . 1 6 7 - 0 . 1 0 5
SMDN 0 . 2 2 4 C. 3 C5 0 .  187 - 0 . 0 1 2 0 . 0 6 6 0 . 0 6 3 0 .  1 05 0 . 0 9 3
PHMP 1 . 0 C 0 0.  8 0 4 0 . 3 9 0 0 . 4 8 1 0 .  6 0 3 0 . 6 4  4 C. 6 4 1 0 . 6 1 9
PUMN 0 .  8 04 1 . 0 0 0 0 .  3 9 5 0 . 4 5 0 0 . 5 0 2 0 . 5 8 1 0 . 5 4 5 0 . 5 6 6
RQMA 0 . 3 9 C 0 . 3 9 5 1 . 0 0 0 0 . 3 7 1 0 . 3 8 6 0 . 3 7 7 0 . 4 4 0 0 .  441
HOPS 0 . 481 0.  4 5 0 0.  371 1 . 0 0 0 0 . 1 6 8 0 . 2 2 6 0 . 1 8 6 0 . 2 5 6
ATKP 0 . 6  03 0 .  5 0 2 0 .  3 8 6 0 . 1 68 1 . 0 0 0 0 .  8 6 3 0 . 7 9 4 0 . 7 9 5
AIKN 0 . 6 4 4 C . 5 8 1 0 . 3 7 7 0 . 2 2 6 0 . 8 6 3 1 .OOC 0 . 7  92 0 . 8 9 2
CLMP 0 . 6 4 1 0.  5 4 5 0 .  4 4 0 C. 1 86 0 . 7 9 4 0 . 7 9 2 1 . 0 0 0 0 . 8 0 5
CLMN 0 . 6 1 8 0 .  5 6 6 0 . 4 4 1 0 . 2 5 6 0 . 7 9 5 0 . 8 9 2 0 .  8 0 5 1 . 0 0 0
EFMP 0 . 6 3 8 0 .  5 9 5 0 .  241 C. 164 0 . 7 1 0 0 . 6 4 4 C. 6 5 1 0 . 5 7 0
FFMN 0 . 8 1 8 0 .  6 1 4 0 . 1 7 8 0 . 1 5 4 0 . 6 6 9 0 . 6 4 5 0.  5 51 0 . 5 9 3
CR1 0 . 0 8 1 0 . 2 0 0 - 0 . 0 7 4 0 .  1 58 0 .  0 2 9 0 . 0 4 0 C. 0 8 3 0 . 0 9 8
CR2 0 . 2 1 2 0 .  2 4 5 0 . 00 1 0 . 2 2 9 0 .  148 0 .  135 0 .  1 85 0 . 1 6 7
PS VP 0 . 0 2 3 0 .  1 42 C. C9 7 0 . 0 7 6 0 .  0 8 2 0 .  139 0 .  146 0 . 1 81
GEFT2 0 .  C95 G. 123 C. 140 0 . 1 1 9 - 0 .  1 40 - 0 . 0 2 5 0 .  133 0 . 0 2 1
GEFT3 0 . 0 5 6 0 . 1 0 0 0 .  1 9 7 0 . 2 4 0 0 .  0 4 8 0 . 1 0 2 0 . 1 6 1 0 .  153
HPT 1 0 .  130 0 .  1 3 5 - C . C S 3 0 . 0 2 2 0 . 0 2 2 - 0 . 0 2 C 0 . 1 2 5 - 0 . 0 7 2
HPT 2 O.OC7 - 0 . 0 4 2 - 0 . 1 1 0 - 0 . 0 3 5 - 0 . 0 3 7 - 0  . 0 3 3 0 .  04  0 - 0 . 0 8 1
VSAT - 0 . 0 3 6 - 0 . 0 8 7 - 0 . 0 7 0 0 . 0 2 3 - 0 . 0 8 6 - 0 . 0 7 1 - 0 . 1 5 7 - 0 . 2  09
N S 1 0 . 1 1 9 0 . 2 8 0 0 . 0 2 0 - 0 . 0 3 4 0 . 0 8 6 0 .  1 2 2 0 .  0 7 7 0 . 0 9 7
NS2 - 0 .  1 C 9 0 . 0 2 2 - 0 .  C49 - C. 141 - 0 .  0 7 0 - 0 . 1 1 8 0 . 0 5 9 - 0 . 0 7 1
DP 1 0 . 188 0 . 2  43 0 .  142 0 . 0 2 8 0 .  1 03 0 . 1 1 8 0 . 0 86 0 . 0 5 1
DE 2 0 . 2 8 2 0 . 3 4 8 0 . 148 0 .  1 67 0 .  1 94 0 . 1 8 9 0 . 2 3 0 0 .  152
LCIP 0 . 2 2 7 0 . 2  94 0 .  0 6 3 0 . 0 1 5 0 .  3 6 0 0 . 3 3 C 0 . 3 9 1 0 . 3 1 6
LCIN - 0 . 1 3  4 0.  0 4 8 0 .  104 0 . 0 1 3 - 0 . 0 7 5 - 0 . 1 0 5 0 .  0 5 6 0 .  081
UWIT1 0 . 2 9 6 0 .  2 3 3 0 .  2 5 4 0 . 3 4 8 0 . 1 2 1 0 . 1 8 1 0 .  1 97 0 . 2 1 9
UNIT2 0 . 3 6 9 0 . 3  14 0 .  2 52 0 . 4  96 0 .  1 8 7 0 . 2 1 1 0 . 1 5 0 0 . 2 3 7
UNIT3 0 .  2 77 0.  1 77 0 .  0 63 0 . 3 3 4 0 . 2 5  9 0 . 3 3 1 0 .  2 1 0 0 . 2 9 8
UNIT4 0 . 3 8 2 0 . 2 8 0 0 .  0 4 8 0 . 4 5 9 0 . 2 0 6 0 .  2 97 0 .  158 0 .  2 9 9
FINAL 0 . 4 8 C 0 . 4 3 3 0 .  2 0 3 0 . 4 6 6 0 .  370 0 . 4 1 3 0 . 2 2 0 0 . 4 2 3
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C O R E E L A T I O N  MATRIX FOR MALES
'ARIATE EFKP EFMN c m CE2 PSVR GEFT2 GEFT3 HPT 1
HSPC 0 . 4 0 4 0 .  192 - 0 . 0 0 5 0 . 1 9 5 - 0 . 0 4 3 0 . 0 7 1 0 . 0 0 7 - 0 . 0  16
HSC A 0 .  185 0.  0 85 0 . 2 0 2 0 . 2 1 2 - 0 . 0 2 5 0 . 1 10 0 , 1  09 0 . 1 6 7
HSPS 0 .  231 0 .  169 0 . 1 4 1 C,1 83 0 . 0 9 5 0 . 0 2 3 0 . 0 8 8 0 . 1 5 9
OSAT 0 .  1*71 0 . 0 4 7 C. 190 0 . 2 3 3 0 . 2 5 7 0 . 2 2 9 0 . 3 4 2 - 0 . 0 3 5
A LG 0 .  252 C. 0 5 9 0 . 0 9 1 0 .  135 0 .  0 6 6 0 . 1 0 4 0 , 1 5 3 - 0 . 0 7 3
TRIG 0 . 3 8 2 C. 2 0 9 0 .  0 1 4 0 .  161 0 .  142 0 .  1 2 3 0 . 0 9 3 0 . 1 2 8
SMDP 0 . 0 7 3 C. 0 3 4 - 0 . 0 5 0 - 0 . 0 5  8 - 0 . 2 5 4 - 0 . 1 8 3 - 0 . 1 2 4 - 0 .  063
SMDN o .  3 74 0 .  3 7 7 0 .  05 4 0 . 0 8 6 - 0 . 0 3 3 - 0 . 0 0  1 0 .  0 0 8 0 .  085
PUMP 0 . 6 3 8 0 . 5 1 8 0 . 081 0 , 2 1 2 0 .  0 2 3 0 . 0 9 5 0 .  0 5 8 0 .  130
PUMN 0 .  5 9 5 0 .  6 14 0 . 2 0 0 0 . 2 4 5 0 .  142 0 .  123 0 . 1  00 0 . 1 3 5
RQMA 0 .  241 0 .  1 78 - G .  074 C. 0 0 1 0 .  0 9 7 0 .  140 0 .  1 97 - 0 . 0  93
RQPS 0 . 1 6 4 0 .  154 0 .  158 0 . 2 2 9 0 .  076 0 . 1 1 9 0 . 2 4 0 0 . 0 2 2
AIKP 0 .  7 1 0 0 .  6 6 9 0 .  0 2 9 0 .  148 0 . 0 8 2 - 0 . 1 4 0 0 .  0 4 0 0 . 0 2 2
AIKN 0 .  6 4 4 0 .  6 4 5 C. 0 4 0 0 . 1 3 5 0 .  139 - 0 . 0 2 5 0 .  1 0 2 - 0 . 0 2 0
CLMP 0 . 6 5 1 0 .  551 C. C83 0 .  185 0 .  1 46 0 .  1 3 3 0 .  16 1 0 .  125
CLMN C. 5 7 0 0 .  5 93 0 .  0 9 8 0 .  167 0 . 1 8 1 0 . 0 2 1 0 .  153 - 0 . 0 7 2
EFMP 1 . 0 0 0 0 .  81 1 0 .  C 85 C . 2 3 0 - 0 . 0 7 7 0 . 0  19 - 0 . 0 0 4 0 .  1 4 5
EFMN 0 . 8 1 1 1 . 0 0 0 0 . 122 0 . 0 9 3 - 0 . 0 8 2 - 0 . 1 1 3 - 0 . 0 5 8 0 .  128
CR1 0 . 0 8 5 0 . 1 2 2 1 . 0 0 0 0 . 7 6 7 0 . 186 0 . 4 0 3 0 . 2 9 3 0 . 3 3 4
CR2 . 0 . 2 3  0 0 . 0 9 3 0 .  7 6 7 1 . 0 0 0 0 .  153 0 . 4 6 9 0 . 3 9 6 0 . 4 0 2
PS VE -  0 . C 7 -7 -  C. 0 8 2 0 .  186 0 .  153 1 .  0 0 0 0 . 3 9 9 0 . 3 4 6 0 .  1 13
GEFT2 0 . 0 1 9 - 0 . 1 1 3 0 . 4  03 0 . 4 6 9 0 .  3 9 9 1 . 0 0 0 0 . 5 9 5 0 . 3 3 6
GEF^3 - 0 . 0 0 4 - 0 . 0 5 8 0.  2 9 3 0 . 3 9 6 0 . 3 4 6 0 . 5 9 5 1 . 0 0 0 0 . 2 6 6
HPT 1 0 . 1 4 5 0 .  1 2 8 0 . 3 3 4 0 . 4 C 2 0 . 1 1 3 0 . 3 3 6 0 . 2 6 6 1 . 0 0 0
HPT2 0 . C 4 9 - 0 . 0 0 7 0 . 2  04 0 . 2 8 7 0 . 0 2 8 0 .  3 3 2 0 .  2 8 2 0 . 7 1 4
VS AT - 0 . 1 0 1 - 0 . 2 5 2 - 0 . 0 3 4 0 . 0 2 9 0 . 0 1 0 0 . 0 7 9 0 .  1 31 - 0 . 0 2 6
NS1 0 .  07C 0 . 1 30 - 0 .  03 9 - 0 . 0 7 5 0 .  0 9 0 - 0 . 1 0 6 0 .  052 - 0 . 0 9 0
NS2 0 . 0  19 - C .  101 0 .  2 CO 0 . 1 5 5 0 . 0 1 9 0 .  1 94 0 . 2 3 1 0 .  0 89
DB1 0 . 0 8 4 - 0 .  0 9 6 0 .  195 0 . 1 2 4 0 . 2 5 0 0 . 2 4 3 C . 2 2 3 0 . 0 0 1
DR2 0 .  176 0.  1 14 0 . 2 2 3 0 . 1 2 5 0 .  197 0 . 2 3 1 0 .  15 7 0 . 1 7 1
LCIP 0 .  379 C. 2 7 2 0 . 2 6 7 0 . 3 4 0 0 .  21.3 0 . 0 7 7 - 0 . 1 6 5 0 . 0 6 0
L Cl  N - 0 . 126 - 0 , 0 0 3 0 .  3 3 2 0 .  193 0 .  2 1 7 0 . 2  53 0 .  141 0 .  172
U NTT 1 0 . 2 2 8 C. 2 3 0 0 .  1 05 0 . 0 7 4 - 0 . 1 6 3 0 . 0 1 9 0 . C 9 9 0 . 0 2 8
UNIT2 0 .  17 2 C. 1 89 0 .  C94 0 . 1 7 0 - 0 . 0 7 3 0 . 1 1 0 0 .  13 2 0 . 0 2 3
UNIT3 0 . 1 9 8 C. 28G 0 .  163 0 . 1  84 - 0 .  0 4 0 0 . 0 2 C 0 .  127 0 . 0 9 4
UNIT4 0 .  24 1 0.  2 6 7 0 . 0 82 0 .  149 - 0 . 0 9 8 - 0 . 0 1 7 0 . 1 1 8 0 . 0 9 8
FINAL 0 . 3 5  1 C. 3  07 0 .  0 9 9 0 . 2 0 1 - 0 . 0 6  1 0 . 0 0 8 0 .  0 9 8 - 0 . 0 4 0
165
CORRELATION HATRIX FOR WALES 
VARIATE EPT2 VSAT NS1 NS2 OR 1 DR2 LCIE LCTN
HSPC - 0 . 0 2 6  0 . 0 4 7  0 . 0 7 4  0 . 0 7 3  - 0 . 0 1 3 - 0 . 0 0 5  0 . 2 2 3  - 0 . 0 4 0
HSCA 0 . 0 5 0  - 0 . 1 4 7  - 0 . C 3 5  0 . C 0 9  0 . 0 0 2  0 . 1 3 6  - 0 . 0 6 0  0 . 1 2 3
HSPS 0 . 1 3 6  0 . 1 9 4  0 . 0 5 4  - 0 . 1 2 9  0 . 1 9 2  0 . 1 1 5  - 0 . 1 4 0  0 . 0 3 0
QSAT - 0 . 0 1 C  0 . 3 3 7  0 . 3 0 3  0 . 1 2 3  0 . 4 6 0  0 . 3 5 7  0 . 1 5 7  0 . 1 2 3
ALG 0 . 0 1 6  0 . 1 1 2  0 . 1 7 5  0 . 1 0 5  0 . 3 2 4  0 . 2 4 5  0 . 0 7 4  0 . 0 9 9
TRIG 0 . 0 4 4 - 0 . 0 5 5  0 . 0 8 6  0 . 1 5 2  0 . 1 5 4  0 . 2 2 6  0 . 3 2 7  - 0 . 0 8 7
SHDP - 0 . 0 5 8  0 . 0 5 7  - 0 . 1 8 8  - 0 . 0 3 3  - 0 . 0 9 3  - 0 . 1 2 3  0 . 0 1 6  - 0 . 1 8 9
SMDN - 0 . 0 3 1  - 0 . 0 7 6  0 . 0 4 2  0 . 0 6 8  0 . 1 4 4  0 . 0 7 5  0 . 1 5 0  - 0 . 0 1 2
PUMP 0 . CC7  - C . 0 3 6  0 . 1 1 9  - C . 7 0 9  0 . 1 8 9  0 . 2 8 2  0 . 2 2 7 - 0 . 1 3 4
PUMN - 0 . 0 4 2  - 0 . 0 8 7  0 . 2 8 0  0 . 0 2 2  0 . 2 4 3  0 . 3 4 8  0 . 2 9 4  0 . 0 4 8
ROW A - 0 . 1 1 C  - 0 .  0 7 0  0 .  0 2 0  - 0 . 0 4 9  0 .  142  0 .  146  C. 0 6 3  0 .  104
RQPS - 0 . 0 3 5  0 . 0 2 3  - 0 . 0 3 4  - 0 . 1 4 1  0 . 0 2 8  0 . 1 6 7  0 . 0 1 5  0 . 0 1 3
AIKP - 0 . G 3 7  - 0 . 0 8 6  0 . C 8 6  - 0 . 0 7 0  0 . 1 0 3  0 . 1 9 4  0 . 3 6 0  - 0 . 0 7 5
AIKN - 0 . 0 3 3  - 0 . 0 7 1  0 . 1 2 2 - 0 . 1 1 8  0 . 1 1 8  0 . 1 8 5  0 . 3 3 0 - 0 . 1 0 5
CLMP 0 . 0 4 0 , - 0 .  1 5 7  0 .  0 7 7  0 . 0 5 9  0 .  0 8 6  0 . 2 3 C  0 . 3  51 0 . 0 5 6
CLMN - 0 . 0 8 1  - C . 2 C 9  C. C97  - 0 . 0 7 1  0 . 0 5 1  0 . 1 5 2  0 . 3 1 6  0 . 0 8 1
EFMP 0 . C 4 9  - C . 1 0 1  0 . 0 7 0  0 . 0 1 9  0 . 0 8 4  0 . 1 7 6  0 . 3 7 9  - 0 . 1 2 6
EFMN - 0 . 0 0 7  - 0 . 2 5 2  0 . 1 3 0  - 0 . 1 0 1  - 0 . 0 9 6  0 . 1 1 4  0 . 2 7 2  - 0 . 0 0 3
CE1 0 . 2 0 4 - 0 . 0 3 4 - 0 . 0 3 9  0 . 2 0 0  0 . 1 9 5  0 . 2 2 3  0 . 2 6 7  0 . 3 3 2
CR2 0 . 2 8 7  C . 0 2 9  - 0 . 0 7 5  0 . 1 5 5  0 . 1 2 4  0 . 1 2 5  0 . 3 4 0  0 . 1 9 3
PSVR 0 . 0 2 8  0 . 0 1 0  0 . 0 9 0  0 . 0 1 9  0 . 2 5 0  0 . 1 9 7  0 . 2 1 3  0 . 2 1 7
GEFT2 0 . 3 3 2  0 . 0 7 9  - 0 . 1 0 6  0 . 1 9 4  0 . 2 4 3  G . 2 3 1  0 . 0 7 7  0 . 2 5 3
GEFT3 0 . 2 8 2  0 . 1 3 1  0 . C 5 2  0 . 2 3 1  0 . 2 2 3  0 . 1 5 7  - 0 . 1 6 5  0 . 1 4 1
HPT 1 0 . 7 1 4  - 0 .  0 2 6  - C . C 9 0  0 . 0 8 9  0 . 0 0 1  0 .  171 0 .  0 6 0  0 . 1 7 2
HPT2 1 . C0 C 0 . 1 2 8  - 0 . 1 7 0  0 . 1 6 2  - 0 . 0 4 8  0 . 0 4 7  0 . 0 0 8  0 . 0 8 6
VSAT 0 . 1 2 8  1 . 0 0 0  0 . 2 1 0  0 . 0 7 5  0 . 3 7 1  0 . 2 6 1  - 0 . 1 5 1  - 0 . 2 2 5
NS1 -  0 .  17 0 0 . 2  10 1 . CC0 0 . 3 7 9  0 . 2 5 9  0 . 3 9 0  0 .  1 6 3  - 0 . 1  10
NS2 0 . 1 6 2  0 . 0 7 5  0 . 3 7 9  1 . 0 0 0  0 . 3 1 3  0 . 3 2 6  0 . 2 6 1  - 0 . 1 0 8
DR1 - 0 . 0 4 8  0.  3 71 0 .  2 5 9  C. 3  13 1 . 0 0 0  0 .  61 6 0 .  0 9 3  - 0 .  191
DP2 0 . C 4 7  C . 2 6 1  0 . 3 5 0  0 . 3 2 6  0 . 6 1 8  1 . 0 0 0  0 . 1 8 7  - 0 . 0 7 5
L Cl P 0 .  0 0 8  - 0 .  191 0 .  163  0 . 2 6 1  0 . 0 9 3  0 .  187  1 . 0 0 0  - 0 . 0 0 4
LCTN 0 . C 8 6  - 0 . 2 2 5  - 0 . 1 1 0  - 0 . 1 0 8  - 0 . 1 9 1  - 0 . 0 7 5  - 0 . 0 0 4  1 . 0 0 0
UNI T1 0 . 0 9 5  0 . 1 1 6  G . 156 C . 1 7 3  0 . 0 2 6  0 . 2 0 7  - 0 . 0 1 5  0 . 0 5 6
UNIT2 0 . 0 4 7  C . 0 8 0  0 . 0 2 3  - 0 . 0 7 6  0 . 0 8 0  0 . 3 4 6  - 0 . 0 8 6  - 0 . 0 5 7
UNT^3 0 . 0 6 0  0 . 0 7 5  - 0 . 0 0 5  - 0 . 0 1 3  - 0 . 0 4 7  0 . 2 5 4  0 . 0 3 6  - 0 . 0 4 7
TJNTT4 0 .  0 5 1  C. 1 C5  0 . 0 9 8  - 0 .  137 - 0 . 0 3 0  0 . 2 1 7  - 0 . 0 0 9  - 0 . 1 2 3
FINAL 0 . C 2 3  0 . 0 5 2  0 . 0 7 9 - 0 . 0 4 1  0 . 1 2 8  0 . 3 1 7  0 . C 9 5  - 0 . 0 5 1
C O R R E L A T I O N  MATRIX FOB MALES
VARIATE TJNIT1 UNIT 2 TIN IT 3 UNIT4 FINAL
HSPC 0 . 0 7 8 0.  1 4 5
HSCA 0 .  2 1 3 0 . 2 2 6
HSPS 0 .  3 85 0 . 2 9 7
QSAT 0 . 2  17 0 . 2  56
ALG 0 .  2 5 C 0 . 3 5 7
TRIG 0 .  17 4 0 .  1 93
SMDP - 0 . 0 2 4 - 0 .  0 7 0
SHDN 0 .  0 5 9 0 . 0 5 5
POMP 0 . 2 9 6 C. 3 8 9
PUMN 0 . 2 3 3 0 . 3  14
ROMA 0 . 2 5 4 0 .  2 5 2
EQPS 0 . 3 4 8 C. 4 86
AIKP 0 . 12 1 0 .  1 8 7
AIKN 0 .  181 0 . 2 1  1
CLMP 0 .  197 0 . 1 5 0
CLMN 0 . 2 1 9 0 .  2 3 7
EFMP 0 . 2 2 8 0.  1 73
EFMN 0 .  2 3 0 0 .  1 89
CR1 0 .  105 0 . 0 9 4
CP2 0 . 0 7 4 0.  1 7 0
PS VR - 0 .  163 - 0 .  0 7 3
GEFT2 0 .  0 1 9 0 .  1 10
GEFT3 0 . C 9 S 0 .  132
HPT 1 0 . 0 2 8 0 . 0 2 3
HPT2 0 .  0 95 0 .  0 4 7
VSAT 0 .  11 6 0 . 0 8 0
NS1 0 .  156 0 . 0 2 3
NS2 0 .  173 - 0 . 0 7 6
DR 1 0 . C 2 6 C . 0 8 0
DR2 0 .  2 0 7 0 . 3 4 6
LCIP - 0 . 0 1 5 - 0 . 0 8 6
LCIN 0 . 0 5 6 - 0 . 0 5 7
UNTT1 1 . 0 0 0 0 .  5 7 3
UNIT2 0 . 5 7 3 1 . 0 0 0
UNITS 0 . 6 6 8 C. 6  63
UNIT4 0 .  556 0 .  6 5 5
FIN AL 0 .  571 0 . 6 8 6
- 0 . 0 1 8 0 . 1 4 2 0 .  0 3 7
0 . 1 7 2 0 . 3 0 0 0 .  3 5 3
0 . 2 9 4 0 . 3 4 2 0 .  321
0 .  107 0 . 3 2 8 0 . 4 5 4
0 . 2 1 3 0 .  261 0 . 5 0 7
0 . 1  08 0 . 1 7 5 0 .  39 3
- 0 . 0 0 5 0 . 0 7 8 0 . 0 6 3
0 .  0 2 3 0 . 0 5 2 0 . 0 6 1
0 .  2 7 7 0 . 3 8 2 0 . 4 8 0
0 . 1 7 7 0 . 2 8 0 0 . 4 3 3
0.  06 3 0 . 0 4 8 0 . 2 0 3
0 . 3 3 4 0 . 4 5 9 0 . 4 6 6
0 . 2 5 9 0 . 2  C6 0 . 3 7 0
0 . 3 3 1 C.  2 9 7 0 . 4 1 3
C. 21 0 C . 1 5 8 0 . 2 2 0
0 .  2 9 8 0 . 2 8 9 0 .  4 2 3
0 .  1 99 0 .  241 0 .  351
C . 2 8 6 C . 2 6 7 0 . 3 0 7
0 .  163 0 . 0 6 2 0 . 0 9 9
0 .  184 0 . 1 4 9 0 . 2 0 1
- 0 . 0 4  0 - 0 . 0 9 8 - 0 . 0 6 1
0 . 0 2 0 - 0 . 0 1 7 0 . 0 0 8
0 .  127 0 . 1 1 8 0 .  0 9 8
0 .  C94 0 . 0 5 8 - 0 . 0 4 0
0 . 0 6 0 0 . 0 5 1 0 .  0 2 3
0 . 0 7 5 0 . 1 C 9 0 .  0 9 2
- 0 .  C05 0 . 0 9 8 0 .  07 9
- 0 . 0 1 3 - 0 . 1 3 7 - 0 . 0 4 1
- 0 .  04 7 - C . 0 3 0 0 . 1 28
0 .  2 5 4 0 . 2 1 7 0 . 3 1 7
0 .  0 3 6 - 0 . 0 C 9 0 . 0 9 5
- C . 0 4 7 - C . 123 - 0 . 0 5 1
0 . 6 6 8 0 . 5 5 6 0 . 5 7  1
0 .  66  3 0 . 6 5 5 0 . 6 8 6
1.  OCO 0 . 7 0 1 0 . 6 6 7
0 . 7 0 1 1 . 0 0 0 0 . 6 9 2
0 .  6 6 7 0 . 6 8 2 1 . 0 0 0
T a b l e  17.  S t r u c t u r e  m a t r i c e s
FACTOR STRUCTURE MAT FIX FOP FE.M ALES
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VASIATE AE PCP P AM F PUM FA P ALE SA F I / F D  FC
HSPC 0 . 6 1 7 - 0 . 0 9 7  0 . 0 0 9  0 . 2  9 7 - 0 . 1 7 6 - 0 . 0 0 3  0 . 0 2 1  0 . 0 6 3  0 . 0 8 5
HSCA 0 . 7 5 9  0 .  0 2 2 - 0 .  0 3 3 - 0 .  1 5 8 - 0 .  0 2 5 - 0 .  01 9 - 0 .  0 8 6  0 .  0 72  0 . 0 2 1
HSPS 0 . 7 4 1  0 . 0 4 5  0 . 0 3 3 - 0 . 0 3 1  C . 1 6 0  0 . 0 2 5  0 . 0 £ 7 - 0 . 1 3 3 - 0 . 0 8 8
OSAT 0 , 2 7  5 0 . 6 6 3 - C . 0 5 7 - 0 .  0 6 7 - 0 . C 7 0 - 0 . 0 8 4 - 0 . 0 1 8 - 0 .  0 6 5  0 . 0 4 4
ALG 0 .  173 0 .  8 8 6 - C .  0 0 4 - 0 .  0 0 1  0 . 0 2 1  0 .  0 1 2 - 0 . 0 0 6 - 0 . 0 , 1 4 - 0 . 0 7 1
TRIG 0 . 1 9 6  0 . 5 8 5  0 . 0 7 5  0 . 0 8 1  0 . 0 4 0  0 . 0 7 5  0 . 0 3 3  0 , 1 0 3  0 . 0 8 9
SMDP 0 .  1 4 2 - 0 . 0 2 6 - C . 2 7 7  0 .  1 0 5  0 . C 5 4 - 0 .  1 4 1 - 0 . 0 2 2 - 0 .  01 1 - 0 . 1 5 7
SMDN 0 . 0 7 6 - 0 . 0 1 0  0 . 6 3 3  0 . 0 8 5  0 . 0 4 3 - 0 . 1 1 4 - 0 . 0 1 7 - 0 . 0 0 9 - 0 . 1 2 7
PIJMP 0 . 4 2 0  0 .  2 0 8  0 . 0 6 8  0 .  8 7 7 - 0 .  0 0 9  0 .  0 2 2  0 . 0 0 2  0 .  013  0 . 0 1 3
PUMN 0 .  297  0 .  2 7 1  0 .  101 0 .  6 4 1  0 .  0 6 8 - 0 .  1 6 9 - 0 . 0 1  6 - 0 . C9 9 - 0  . 1 0 0
RQM A 0 . 2 9 1  0 . 2 7 4  0 . 0 3 5  0 . 1 0 5  0 . 3 3 4  0 . 0 1 0  0 . 0 0 8  0 . 0 0 3 - 0 . 0 7 6
POPS 0 . 2 0 6  0 . 3 2 4 - 0 . 0 7 9  0 . 2 1 1  C . 8 8 C - 0 . 0 0 2 - 0 . 0 C 2 - 0 . 0 0 1  0 . 0 1 5
AIKP 0 . 3 7 6  0 . 2 8 0  0 . 1 7 7  0 . 1 0 9  0 . 1 7 7 - 0 . 7 7 3  0 . 0 6 8  0 . 0 7 7 - 0 . 0 0 1
AIKN 0 . 2 6 1  0 . 3 6 5  0 . 1 0 6 - 0 . 1 1 4  0 . 3 1 1 - 0 . 6 3 2  0 . 1 2 6 - 0 . 0 0 7 - 0 . 0 1 6
CLMP 0 . 3 5 7  0 . 3 5 C  0 . 0 6 3  0 . 2 2 8  0 . 1 4 6 - 0 . 2 3 9  0 . 1 6 0  0 . 1 4 5 - 0 . 1 4 2
CLMN 0 . 3 0 4  0 . 3 6 1  G . 1 0 4 - 0 . 0 4 5  0 . 3 0 9 - 0 . 3 6 7  0 . 1 3 8  0 . 1 5 6 - 0 . 0 5 7
EFMP 0 . 2 6 4  0 . 2 1 4  0 . 1 3 5  0 . 4 1 3  0 . 1 5 7 - 0 . 5 4 5 - 0 . 0  49  0 . 1 4 0 - 0 . 0 1 6
EFMN 0 . 2 0 4  0 . 1 4 3  C . 3 1 0  0 . 4 1 4  0 . 0 9 5 - 0 . 6 1 4 - 0 . 0 6 1  0 . 0 1 7 - 0 . 1 0 5
CR1 - 0 . 2 2 7  0 . 1 8 6 - C . 0 4 9 - 0 . 1 0 0 - 0 . 0 6 7  0 . 0 7 4  0 . 5 1 4 - 0 . 0 4 2 - 0 . 0 1 7
CR2 - 0 . 1 3 5  0 . 3 0 4 - 0 . 1 0 4 - 0 . 0 6 7 - 0 . 1 6 8  0 . 0 4 8  0 . 8 1 9  0 . 0 7 5  0 . 0 3 4
PSVR O. C4 9  0 . 2 3 8  C . 1 2 4 - 0 . 0 8 1  0 . 0 2 9 - 0 . 1 9 5  0 . 3 6 0  0 . 0 2 8 - 0 . 0 2 5
GEFT2 0 . 0 4 5  0 . 1 9 9 - 0 . 0 4 7 - 0 . 2 0 3 - 0 . 2 2 0 - 0 . 2 2 7  0 . 1 6 3 - 0 . 8 6 3 - 0 . 0 1 7
GEFT3 0 . 0 0 3  0 . 2 5 9 - 0 . 0 3 9 - 0 . 3 0 5 - 0 . 0 1 5 - 0 . 1 6 1  0 . 0 5 0 - 0 . 7 2 0  0 . 0 4 6
HPT 1 0 . 0 C 8  0 . 2 2 6 - C . 0 8 0 - 0 . 2 1 2  0 .  0 1 6  0 .  0 4 8  0 . 3 2 0 - 0 . 2 2 0 - 0 . 7 6 3
HPT2 - 0 . 0 3 4  0 . 1 5 0 - 0 . 0 3 5  0 . 0 7 3 - 0 . 0 0 9 - 0 . 0 5 5  0 . 3 9 8 - 0 . 0 0 8 - 0 . 8 4 6
VSAT 0 . 0 4 1  0 . 1 5 8  0 . 0 1 9  0 . 0 0 6 - 0 . 0 8 6  0 . 1 6 0 - 0 . 1 5 4 - 0 . 1 1 2 - 0 . 0 6 6
NS 1 0 .  1 25  0 . 1 7 7 - C . 1 6 2 - 0 .  0 4 7 - 0 .  1 5 6  0 .  1 2 4 - 0 .  08 9 - 0 .  0 8 5  0 ,  131
NS2 0 . 1 5 3  0 . 0 6 8  G. C65  0 . C 7 9  0 . 0 7 7  0 . 2 9 7  0 . 1 1 2 - 0 . 1 9 7  0 . 0 7 7
DR1 0 . C 3 7  0 .  0 6 7  0 .  0 5 3 - 0 .  1 3 8 - 0 .  0 0 4 - 0 . 0 9 1  0 .  1 9 1 - 0 .  0 4 3  0 .  1 17
DR2 0 . 1 7 8 - 0 . 0 4 4 - 0 . 1 6 2 - 0 . 0 2 1 - 0 . 1 0 6 - 0 . 2 0 8  0 . 3  2 1 - 0 . 0 7 4 - 0 . 1 0 6
LCIP - 0 . 0 5 0  0 . 0 6 9  0 . 1 2 2  0 . 1 6 3  C . 0 5 6 - 0 . 0 9 6  0 . 1 7 4  0 . 2 0 7 - 0 . 1 6 3
LClN - 0 . 1 7 4 - 0 . 1 1 8  C.  15 1 0 .  132  0 .  1 0 7  0 . 2 6 5  0 .  0 5 6  0 .  1 8 9 - 0 .  188
UNIT1 0 . C 7 8  0 . 2 3 0  0 . 2 9 3  0 . 2 6 4  0 . 0 2 8  0 . 1 8 3  0 . 0 6 3  0 . 0 8 8 - 0 . 0 7 7
UNIT2 0 . 3 3 4  0 . 3 2 9  C . C 8 9  0 . 2 0 8  0 . 1 4 1  0 . 0 7 6  0 . 1 0 8  0 . 0 5 1  0 . 0 1 0
UNIT3 0 . 2 C 3  0 . 3 0 8  0 . 1 1 3  0 . 1 7 4  0 . 0 7 4  0 . 2 5 0  0 . 1 C 5  0 . 0 6 4  0 . 1 7 2
UNIT4 0 . 3 9 4  0 . 3 5 5  C . 0 3 0  0 . C 9 3  0 . 0 8 9  0 . 0 8 5  0 . 1 5 9 - 0 . 0 3 9  0 . 1 3 7
FINAL 0 . 5 1 4  0 . 3 6 0  0 . 0 7 7  0 . 1 9 2  0 . 0 8 9  C . 1 8 1  0 . 0 7 1  0 . 0 5 5  0 . 0 8 1
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FACTOR STRUCTURE MATRIX FOR MALES 
VARIATS AE PCP PAMF PUM FAP ALM SA F I / E D  FC
HSPC 0 . 2 5 2  0 . 1 4 5  C. C8 5  0 . 1 2 2 - 0 . 1 2 8  0 . 0 3 5  0 . 0 6 4  0 . 0 2 6  0 . 0 5 1
HSCA 0 . 8 1 2 - 0 . 0 1 8  C . 1 1 7  0 . C 4 8 - 0 . C 9 8 - 0 . 1 3 7  0 . 0 1 9  0 . 0 2 8  0 . 0 1 0
HSPS 0 . 7 6 U  0 . 0 0 3 - 0 . 1 3 8 - 0 . 0 6 6  0 . 1 2 3  0 . 1 4 7 - 0 . 0 2  8 - 0 . 0 3 4 - 0 . 0 1 7
QSAT 0 . 4 1 3  0 . 6 1 3 - C . 1 0 2  0 . C97 C. 1 1 2 - 0 .  1 0 2 - 0 . 1 C4 0 . C77 G . 1 3 8
ALG 0 . 3 4 4  0 . 8 1 2 - C . 0 0 7 - 0 . 0 3 1  0 . 0 1 2 - 0 . 0 3 9  0 . 0 9 9 - 0 . 0 4 2  0 . 0 3 7
TRIG 0 . 3 0 4  0 . 6 3 8  0 .  1 1 7 - 0 . 0 6 0 - C. 136  0 .  1 6 0 - 0 .  0 2 6 - 0 . 0 2 5 - 0 .  197
SMI)P - 0 .  0 8 6  0 .  0 0 5  C.  9 4 9 - 0 .  0 9 7  0 .  0 8 4 - 0 .  0 2 7  0 .  0 6 C - 0 .  0 2 2  0 .  031  
SMDN - 0 . C 7 3  0 . 1 0 5  0 . 7 5 0  0 . 2 0 9 - 0 . 1 8 0  0 . 0 5 8 - 0 . 1 2 9  0 . 0 4 8 - 0 . 0 6 7
PUMP 0 . 2 2 9  0 . 3 0 6  C . 1 2 6  0 . 8 3 7  C . 0 1 4 - 0 . 0 2 1  G. C7C 0 . 0 1 0 - 0 . 0 0 4
PUMN 0 , 3 1 5  0 . 2 9 1  0 . 0 8 1  0 . 9 3 4 - 0 . 0 1 7  0 . 0 2 4 - 0 . 0 8 3 - 0 . 0 1 2  0 . 0 0 5
RQM A 0 .  2 4 6  0 . 3 1  2 0 . 0 1 9  0.  2 6 0 - C . 5 2 7 - 0 .  096 0 .  0 2 3  0 .  1 20 0 .  1 4 8
RQPS 0 . 3 5 5  0 . 2 9 8  0 . 0 2 0  0 . 3 1 2  0 . 5 8 2 - 0 . 0 8 1  0 . 0 1 9  0 . 1 0 1  0 . 1 2 4
AIKP 0 . 3 2 3  0 . 3 5 6 - 0 . 0 6 3  0 . 4 2 2 - 0 . 2 5 1  0 . 5 4 3  0 . 0 0 6 - 0 . 0 5 2 - 0 . 0 3  5
AIKN 0 . 2 9 2  0 . 3 8 7 - 0 . 0 8 1  0 . 4 9 6 - 0 . 1 8 9  0 . 5 3 8 - 0 . 0 2 2  0 . 0 2 3  0 . 0 5 3
CLMP 0 . 2 4 0  0 . 3 2 1 - 0 . 0 8 2  0 . 5 1 7 - 0 . 2 7 2  0 . 2 2 8 - 0 . 0 6 3  0 . 0 9 2 - 0 . 0 6 0
CLMN 0 . 2 7 6  C . 4 4  8 - C . 04 0 0 . 4 5 0 - 0 . 2 0 8  0 . 4 7 1 - 0 . 0 8 2  0 . 0 3 4  0 . 1 1 5
EFMP 0 . 2 8 6  0 . 2 3 4  0 . 2 0 7  0 . 5 2 0 - 0 , 1 3 6  0 . 4 6 4  0 . 0 5 6  0 . 0 7 3 - 0 . 1 1 0
EFMN 0 . 1 6 5  0 . 0 5 6  0 . 1 7 5  0 . 5 6 6 - 0 . 0 7 5  0 . 7 0 0  0 . C C 9  0 . 0 4 7 - 0 . 1 1 6
CR1 0 .  2 15 0 . 0 3 3  C.OOC 0 .  0 6 7  0 . 1 7 6  0 . 0 0 8 - 0 .  5 5 5  0 .  1 1 0 - 0 .  131
CR2 0 . 2 6 0  0 . 1 1 5  C . C0 5  0 . 1 2 9  0 . 1 6 9 - 0 . 0 3 1 - 0 . 4 3 8  0 . 2 5 5 - 0 . 1 8 2
PSVR 0 . 0 3 8  0 . 1 9 1 - 0 . 2 1 2  0 . 0 3 6 - 0 , 0 2 0 - 0 . 0 7 3 - 0 . £ 6 6 - 0 . 0 7 7  0 . 0 7 7
GEFT2 O.CSO 0 . 1 6 7 - C . 1 4 C  0 . 0 5 2 - 0 . 0 2 2 - 0 . 3 0 3 - 0 . 4 5  1 0 . 6 2 7 - 0 . 0 4 2
GEFT3 0 .  122  0 . 2 1  5 - C . 0 9 C - 0 . 0 2  1 0 .  0 5 0 - 0 . 0 9 4 - 0 . 3 6 7  0 . 8 1 9  0 . 0 2 8
HPT 1 0 .  2 0 2 - 0 ,  1 0 6  C. 0 0 5  0.  1 18 0 .  0 6 0 - 0 .  1 0 2 - 0 . 2 3 7  C . 2 4 0 - 0 . 8 8 6
HPT2 0 .  1 1 2 - 0 ,  0 3 3 - C . C 7 5 - 0 .  0 4 0  0 . 0 4  5 - 0 .  0 6 2 - 0 .  1 G2 0 .  3 1 8 - 0 .  5 3 3
VSAT Q. C23  0 . 1 7 8  C . C 1 1 - 0 . 1 4 5  C . C 8 3 - 0 . 1 9 8  0 . 0 4 3  0 . 0 7 6  0 . 0 5 9
NS 1 0 . 0 1 4  0 . 2 6 2 - 0 . 14C 0 . 1 4 9 - 0 . C 7 4 - 0 . 0 2 4  0 . 0 2 8 - 0 , 0 9 7  0 . 0 3 2
NS2 - 0 . C 6 6  0 . 2 1  1 - 0 .  0 1 6 - 0 .  1 0 7 - 0 , C 8 6 - 0 .  1 8 6 - 0 .  0 7 3  0 .  1 6 3 - 0 . 0 6 0
DR 1 0 .  1 14 0 . 3 9  4 - C.  026  0 .  0 7 4 - 0 .  1 2 7 - 0 . 2 4  6 - 0 .  1 54 0 . 0 2 6  0 . 0 5 4
DR2 0 .  156 0 . 3 1  3 - C . 0 6 7  0 . 2 C9 - 0 .  0 1 2 - 0 .  1 2 9 - 0 .  1 50  0 .  0 2 3 - 0 .  1 1 8
LCIP - 0 . 1 0 7  0 . 3 0 2  0 . 0 4 3  0 . 2 3 6 - C . 0 5 4  0 . 1 5 6 - 0 . 2 6 1 - 0 . 2 6 4 - 0 . 1 0 3
LCIN 0 . C 9 6  0 . 0 2 7 - C . 1 4 2 - 0 . 0 8 8 - G . 0 7 9 - 0 . 0 6 3 - 0 . 2 5 3  0 . 0 3 9 - 0 . 1 0 6
UNIT1 0 . 3 7 2  0 . 1 2 2  G. C32  0 . 1 2 8  0 . 0 6 2  0 . 0 2 4  0 . 1 7 6  0 . 1 0 4  0 . 0 5 6
UNIT2 0 . 3 3 3  0 . 2 4 7 - C . 0 1 3  0 . 2 C 9  C . 2 0 2 - 0 . 0 0 3  0 . 1 2 4  0 . 1 1 4  0 . 0 6 3
UNIT3 0 . 2 8 5  0 . 0 7 0  0 . 0 2 8  0 . 1 3 8  0 . 2 1 8  0 . 2 5 6  0 . 0 1 1  0 . 1 1 6 - 0 . 0 1 7
UNIT4 0 . 4 0 P  0 . 1 6 1  C . 1 1 C  0 . 1 7 2  0 . 3 2 8  0 . 1 5 7  0 . 1 3 0  0 . 0 9 6 - 0 . 0 1 9
FINAL 0 . 4 2 3  0 . 4 4 0  G . 0 9 1  0 . 2 1 6  0 . 1 9 2  0 . 1 6 3  0 . 1 3 8  0 . 0 2 4  0 . 0 9 6
Table 18. Matrices o f  squared s truc tu re  co e ff ic ie n ts
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SQUARED STB UCTUR E COEFFICIENTS FOR FEHAIFS
r ART ATE AE PCP PAMF PiJ n FAP AIM SA F I / F D FC
HSPC 0 .  38C 0 .  0 09 C. COG 0 . 0 8 8 0 . 0 3 1 0 . 0 0 0 0 . 0 0 0 0 .  0 0 4 0 . 0 0 7
HSCA 0 . 5 7 6 0 . 0 0 1 G. 001 0 .  02  5 0 . 00  1 0 . 0 0 0 0 . 0 0 7 0 .  0 0 5 0 . 0 0 0
HSPS 0 . 5 4 8 0 . 0 0 2 0 . 0 01 0 . 0 0 1 0 . 0 2 6 0 . 0 0 1 O.OCO 0 . 01  9 0 . 0 0 8
Q S A ^ 0 .  C75 0 . 4 3  9 0 .  0 0 3 0 . 0 0 4 0.  005 0 .  C07 O.OCO 0 .  0 0 4 0 . 0 0 2
ALG 0 .  C3C 0 . 7 8 5 C. COO 0 . 0 0 0 0 .  0 0 0 0 . 0 0 0 O.OCO 0 .  0 0 0 0 . 0 0 5
TRIG 0 . 0 3 8 0 .  342 C. 0 0 6 0 .  0 C6 0 . 0 0 2 0 . 0 0 6 0 . 0 0 1 0 . 0 1  1 0 . 0 0 8
S M D P 0 . 0 2 0 0 . 0 0  1 0 .  07 7 0 . 0 1 1 0 .  003 0 . 0 2 0 O.OCO 0 . 0 0 0 0 . 0 2 5
S MDN 0 . 0 0 6 0 . 0 0 0 C . 4 0 1 0 .  0 0 7 0 . 0 0 2 0 .  0 1 3 0 . o c c 0 .  0 0 0 0 . 0 1 6
p ump 0 .  176 0 . 0 4 3 C. 0 05 0 .  76  9 C. 0 0 0 0 .  0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 0 0
FHMN 0 . G 8 8 0 .  0 7 3 0 . 0 1 0 0.  41 1 0 . 005 0 . G2 8 0 . 0 0 0 0 . 0 1 0 0 . 0 1 0
SCMA 0 . 0 8 5 0 .  0 7 5 C. C01 0 . 0 1 1 0 . 1 4 7 0 . 0 0 0 O.OCO 0 . 0 0 0 0 . 0 0 6
HOPS 0 . 0 4 3 0 . 1 0 5 C. 006 0 .  04 5 0 .  774 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 0 0
ATT P 0 . 1 4 1 0 . 0 7  8 0 . 0 3  1 0 . 0 12 0.  031 0 . 5 9 7 0 . 0 0 5 0 . 0 0 6 0 . 0 0 0
AIKN 0 . 0 6 8 0 . 1 3 3 0 . 01 1 0 .  0 1 3 0 .  09 7 0 . 3 9 9 0 . C16 C. 0 0 0 0 . 0 0 0
CLOP 0 .  158 0 .  1 2 2 C. 0 04 0 .  052 0 . 0 2  1 0 .  0 5 7 0 . 0 2 5 0 . 0 21 0 . 0 2 0
CLMN 0 . C 9 2 0 . 1 3  C C. 01 1 0 .  0 0 2 0 .  096 0 . 1 3 4 0 .  C19 0 .  024 0 . 0 0 3
EFMP 0 .  0 7 0 0 . 0 4  6 C. 01 8 0 .  171 0 .  0 2 5 0 .  2 9 7 0 . GC2 0 . 0 2 0 C. 0 0 0
EFMN 0 . 0 4 2 0 . 02  C C. C96 0 . 1 7 1 0 .  0 0 9 0 .  3 7 7 0.  0 C 4 0 . 0 0 0 0 . 0 1 1
C R 1 0 .  C 5 1 0 . 0 3  4 0 . 0 0 2 0 . 0 1 0 0 .  0 0 5 0 .  0 0 5 0 . 8 3 5 0 . 0 0 2 0 . 0 0 0
CR2 0 . 0 1 8 0 . 0 9 2 0 . 0 1 1 0 .  0 0 5 0 . 0 28 0 . 0 0 2 0 . 6 7 0 0 . 0  06 0 .  0 Q\1
PSVR 0 . 0 0 2 0 .  05 7 0 .  0 1 5 0 .  0 0 7 0.  CO-1 0 .  03 0 0 .  129 0 . 0 0 1 0 . 0 0 1
GEFT2 0 .  CC2 0 . 0 4  0 C. C02 0 . 0 4 1 0 . 0 4 8 0 .  052 0 .  C33 0 .  7 4 5 0 . 0 0 0
GFFT3 0 . 0 0 0 0 . 0 6 7 0 .  001 0 .  0 93 0 . 0 0 0 0 . 026 0 .  00  8 0 . 5 1 9 0 . 0 0 2
HPT1 0 . 0 0 0 0 . 0 5  1 0 . 0 0 6 0 .  0 4 5 0 .  COO 0 . 0 0 2 0 . 1 0 2 0 .  0 4 9 0 .  5 8 3
H FT 2 0 .  CC1 0 . 0 2  2 0 . 0 0 1 0 .  0 0 5 0 . 0 0 0 0 .  0 0 3 0 . 1 5 8 G. C08 0 . 7 1 5
VSAT 0 . 0 0 2 0 . 0 2 5 C. COC C.COC 0 .  007 0 . 026 0 . 0 2 4 0 . 0 1 2 0 .  0 04
N S 1 0 . C1 6 0 . 0 3  1 0 . 026 0 . 0 0 2 0 .  024 0 .  015 0 . 0 C 8 0 .  0 0 7 0 . 0 1 7
NS2 0 . 0 2 3 0 . 0 0 5 C. 004 0 . 0 0 6 0 . 006 0 . 0 8 8 0 .  C13 0.  G3 9 0 . 0 0 6
DR 1 0 . 0 0  1 0 . 0 0 4 C. G03 0 .  C1 9 C.  GOO 0 . 0 0 8 0 . 0 3 6 0 . 0 0 2 0 . 0 1 4
DP2 0 .  C32 0 . 0 0 2 C. 0 2  6 0 . 0 0 0 0 .  0 1 1 0 .  043 0 . 1  C 3 0 . 0 0 5 0 . 0  11
LCIP 0 . 0 0 2 0 . 0 0 5 0 .  015 0 .  0 2 7 0 .  0 0 3 0 .  0 0 9 0 .  0 3 0 0 .  043 0 . 0 2 6
LC IN 0 .  0 3 0 0 .  01 4 C.  02 3 0 . 0 1 8 0 . 0 1 2 0 .  07 0 0 .  0C9 0 .  0 3 6 0 .  0 3 5
UNIT1 0 . 0 0 6 0 . 0 5 3 C.  086 0 .  0 6 9 0 . 0 0 1 0 .  034 0 .  CC4 0 . 0 08 0 . 0 0 6
UNTT2 0 . 1 1 2 0 . 1 0 8 C. 0 0 8 0 . 0 4 3 C. 0 2 0 0 . 0 0 6 0 . 0 1 2 0 .  003 G . 0 0 0
UNTT3 0 .  C4 1 0 . 0 9 5 0 . 0 1 3 0 .  0 30 0 .  0 05 0 . 06 2 0 . 0 1 1 0 .  0 0 4 C. 0 2 9
UNIT 4 0 . 1 5 5 0 . 1 2 6 C . 0 0 1 0 . C09 0 .  0 0 9 0 .  0 0 7 0 . 0 4 0 0 . 0 0 2 0 . 0 1 9
FINAL 0 .  26 4 0 . 1 2 9 0 . 006 0.  0 3 7 0 . 008 0 .  033 0 . 0 0 5 0 .  0 03 0 . 0  06
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Table 19. Communalities and disturbance terms 171
COMMUNALITIFS AND DISTURBANCE TERMS FOR F ENA LES 
VARIATE COMMONALITY DISTURBANCE
HSPC 0 .  5 2 0 0 . 6 9 3
HSCA 0 . 6 1 7 0 . 6 1 9
HSPS 0 . 6 1 2 0 . 6 2 3
OSAT 0 . 541 0 . 6 7 8
ALG 0 . 8 2 0 0 .  4 2 4
TRIG 0 .  4 1 9 0 . 7 6 2
SMDP 0 .  1 5 6 0 . 9 1 8
SMDN 0 .  4 4 5 0 . 7 4 5
POMP 0 .  9 9 4 0 .  0 7 9
PUMN 0 .  63 6 0 . 6 0 3
RCM A 0 .  3 2 5 0 . 8 2 2
RCPS 0 .  9 7 3 0 .  163
AIKP 0 .  9 0 2 0 . 3 1 4
AIKN 0 .  7 3 8 0 . 5 1 2
CLMP 0 . 4 8 1 0 . 7 2 0
CLMN 0 .  5 1 2 0 .  6 9 9
EFMP 0 .  6 4 8 0 . 5 9 3
EFMN 0 . 7 3 0 0 . 5 1 9
CR 1 0 .  9 4 5 0 .  2 3 5
CP2 0 .  8 3 3 0 . 4 0 8
PSVR 0 .  2 51 0 . 8 6 6
GEFT2 0 .  9 6 3 0 .  191
GEFT3 0 .  7 1 6 0 .  533
HPT1 0 .  8 3 8 0 .  4 0 2
HPT2 0 .  91 4 0 . 2 9 2
VSAT 0 . 101 0 .  948
N Si 0 .  1 4 7 0 . 9 2 3
NS2 0 .  1 9 0 0 .  9 0 0
DR 1 0 . 0 8 8 0 . 9 5 5
DR2 0 . 2 3 5 0 . 8 7 5
LCIP 0 . 161 0 . 9 1 6
LCIN 0 . 2 4 6 0 . 8 6 8
UNIT 1 0 . 2 6 6 0 .  8 57
UNTT2 0 . 3 1 1 0 . 8 3 0
UNIT3 0 .  2 9 2 0 .  8 4 2
UNIT4 0 . 3 6 6 0 . 7 9 6
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Table 20. Final residual co rre la t ion  matrices
FINAL RESIDUAL MATRIX FOR FEMALES
1AEIATE HSPC HSCA HSPS QSAT ALG TRIG SMDF SMDN
HSPC 0 . 4 6 C - C . 2 3 9 -  0 . 07 1 - 0 . 0 1 8 - 0 . 0 0 3 0 . 0 2 7 0 . 0 7 9 0 . 0 6 4
HSCA - 0 . 2 3 9 0 . 3  83 - 0 . 2 8 1 - 0 . 0 3 6 0 . 0 2 2 - 0 . 0 0 2 - 0 . 0 5 6 - 0 . 0 4 6
HSPS - 0 . 0 7 1 - 0 . 2 8 1 0 .  3 8 8 0 . 0 5 7 - 0 . 0 2 4 - 0 . 0 1 8 0 . 0 0 9 0 . 0 0 7
QSAT - 0 . 0 1 8 - 0 .  0 3 6 0 .  05 7 0 . 4 5 9 - 0 . 161 - 0 . 2 2 0 0 .  0 4 9 0 . 0 3 9
ALG - 0 . 0 0 3 0 .  0 2 2 - 0 .  024 - 0 . 1 6 1 0 . 1 8 0 - 0 .  164 - 0 . 1 0 0 - 0 . 0 8 1
TRIG 0 . C 2 7 - C . 0 0 2 - 0 . 0 1 8 - 0 . 2 2 0 - 0 . 1 6 4 0 . 5 8 1 0 . 1 3 9 0 .  113
SKDP 0 . C 7 9 - C . 0 5 6 0 .  0 09 0 . 0 4 9 - 0 . 1 0 0 0 .  139 0 . 8 4 4 0 . 6  84
SMDN 0 .  0 64 - 0 .  0 4 6 0 .  0 0 7 0 . 0 3 9 - 0 . 0 8  1 0 . 1 1 3 0 . 6 8 4 0 . 5 5 5
PUMP 0 . 0 C 2 - C .  0 0 5 0 .  0 05 - 0 . 0 1 4 0 .  0 1 5 - 0 . 0 1 4 - 0 . 0 2 2 - 0 , 0 1 8
PUMN - 0 . 0 1 4 0 .  0 3 8 - 0 .  0 3 5 0 . 1  04 - 0 .  117 0 .  109 0 .  166 0 .  1 34
ROMA 0 . 0 8 2 - 0 .  0 39 - 0 . 0 1 4 - 0 . 0 9 9 0 . C6 C - 0 . 0 0 2 - 0 . 1 2 4 - 0 . 1 0 1
HOPS -  o . c 1 e 0 .  0 0 9 0 .  0 03 0 .  0 2 0 - 0 . 0 1 2 0 . 0 0 0 0 . 0 2 5 0 . 0 2 0
AIKP 0 . 0  13 0 . 0 1 4 - 0 .  0 2 7 C . 0 1 3 0 . 0 3 7 - 0 . 0 8 9 - 0 . 1 0 4 - 0 . 0 8 4
AIKN O.OC-3 0 . 0  15 - 0 . 0 2 1 0 .  071 - 0 . 0 2 6 - 0 . 0 3 2 - 0 . 1 2 6 - 0 . 1 0 3
CLMP 0 .  0 0 4 0.  0 19 - 0 . 02 6 0 . 0 8 7 0 . 0 4 7 - 0 . 1 9 4 - 0 . 2 3 3 - 0 . 1 8 9
CLMN - 0 . 0 4 1 0 .  0 5 0 - 0 . 0 3 0 0 . 1 4 7 0 . 0 0 1 - 0 . 1 7 4 - 0 . 1 4 5 - 0 . 1 1 8
EFMP - 0 . 0 9 1 0 . 0 10 0 .  0 5 5 0 . 0 6 2 0 . 0 2 6 - 0 . 1 2 4 - 0 . 0 6 4 - 0 . 0 5 2
EFMN - 0 . C72 0 . 0 0 6 0.  04 6 C . 0 8 9 - 0 . 0 5 1 - 0 . 0 0 3 0 . 1 0 2 0 . 0  83
CR1 - 0 . C 3 8 0 . 0 3 1 -  C. CC8 - 0 . 0 0 1 - 0 . 0 0 7 0 . 0 1 5 - 0 . 0 2 4 - 0 . 0 1 9
CR2 0 .  0 68 -  C. 0 5 6 0 .  0 1 7 0 . 0 0 3 0 . 0 1 0 - 0 . 0 2  5 0 . 0 4 2 0 . 0 3 4
PSVR 0 . 0 3 0 - 0 . 0 0 8 - 0 . 0 1 3 - 0 . 0 1 5 0 . 0 2 3 - 0 . 0 2 8 0 . 0 1  1 0 . 0 0 9
GEFT2 - 0 . 0 C 7 - 0 . 0 1 0 0 .  0 16 0 . 0 1 1 - 0 . 0 0 1 - 0 . 0 1 1 - 0 . 0 1 2 - 0 . 0 0 9
GEFT3 0 . C 1 8 0 . 0 2 6 - 0 . 0 4 5 - 0 . 0 3 0 0 . 0 0 2 0 . 0 3  1 0 . 0 3 2 0 . 0 2 6
HPT1 0 .  0 14 0 .  0 2 4 - 0 .  0 4 0 - C . 0 3 4 0 .  0 3 0 - 0 . 0 2 0 - 0 . 0 0 7 - 0 . 0 0 6
HPT2 - 0 . 0 1 0 - 0 . 0 1 8 C. 02 9 0 . 0 2 5 - 0 . 0 2 2 0 . 0 1 4 0 . 0 0 5 0 .  0 04
VSAT 0 . 0 6 6 - 0 .  0 5 3 0 . 0 1 4 0 . 2 7 3 - 0 . 0 6 1 - 0 . 2 0 0 0 . 2 0 1 0 .  163
NS1 - 0 .  1G7 0 . 0 2 3 0 .  05 1 0 . 0 4 4 - 0 .  0 3 3 0 . 0 1 2 0 . 0 3 1 0 . 0 2 5
NS2 - 0 . 0 6 7 - 0 . 0 8 8 0 .  155 0 .  142 - 0 . 0 6 6 - 0 . 0 3 7 0 . 0 5 9 0 . 0 4 8
DR1 - 0 . C27 - 0 . 1 3 6 0 .  182 0 . 2 2 2 - 0 . 0 0 9 - 0 . 2 4 2 0 . 0 5 5 0 . 0 4 4
DR2 0 . 0 5 9 - 0 .  1 8 4 0 .  177 0 . 1  99 - 0 . 0 0 7 - 0 . 2  19 0 . 101 0 . 0 8 2
LCIP - 0 . 2 7 1 C. 0 8 9 0 .  0 9 5 0 . 0 3 4 - 0 . 0 4 7 0 . 0 5 2 0 .  0 7 2 0 .  0 5 8
LCIN - 0 . C91 0 . 1 01 - 0 . 0 5 3 0 .  127 - 0 .  169 0 . 1  84 0 .  0 1 5 0 . 0 1 2
UNIT1 - 0 .  149 0.  1 97 - 0 .  126 - 0 . 0 2 3 0 . 0 1 9 - 0 . 0 1 0 - 0 . 0 5 9 - 0 . 0 4 8
UNIT2 - 0 . 0 3 7 0 . 0 1 5 0 . 0 1 0 - 0 . 0 5 1 - 0 . 0 0 3 0 . 0 6 5 0 . 1 0 6 0 . 086
UNIT3 0 . 0 6 8 0.  0 5 0 - 0 . 111 - 0 . 1 2 2 0 .  0 5 7 0 . 0 3 1 - 0 .  02  0 - 0 . 0 1 6
UNIT4 0 . 0  10 - 0 .  0 18 0 .  014 - 0 . 1 0 1 0 . 0 2 9 0 . 0 6 2 - 0 . 0 7 6 - 0 . 0 6 2
FINAL - 0 . 0 6 6 0 . 0 7 5 - 0 .  04 1 C. 011 0 . 0 3 7 - 0 . 0 8 5 0 .  0 0 4 0 . 0 0 3
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F I N A L  R E S I D U A L  MATRI X FOR F E MA L E S
rARTATE PUMI PUMN RQMA RQPS AIKP AIKN CLMP CLMN
HSPC 0 . 0 0 2 - 0 .  0 1 4 0 .  C82 - 0 . 0 1 6 0 .  0 1 3 0 . 0 C 3 0 .  0 0 4 - 0 . 0 4 1
HSCA - 0 . 0 0 5 0 . 0 3 8 - 0 . 0 3 9 0 . 0 0 8 0 . 0 1 4 0 . 0 1 5 0 . 0 1 9 0 . 0 5 0
HSPS 0 .  0 0 5 - 0 .  0 3 5 - 0 . 0 1 4 0 . 0 0 3 - 0 . 0 2 7 - 0 . 0 2 1 - 0 . 0 2 6 - 0 . 0 3 0
QSAT - 0 . 0 1 4 0 .  104 - 0 . 0 9 9 0 . 0 2 0 0 .  0 1 3 0 . 0 7 1 0 . 0 8 7 0 .  1 47
ALG 0 . C 1 5 - 0 . 1 1 7 0 . 0 6 0 - 0 . 0 1 2 0 .  0 3 7 - 0 . 0 2  6 0 .  047 0 . 0 0 1
TRIG - 0 . 0 1 4 0 .  1 0 9 - 0 . 0 0 2 O.OCO - 0 . 0 8 9 - 0 . 0 3 2 - 0 . 1 9 4 - 0 . 1 7 4
S D  P - 0 . 0 2 2 0 . 166 - 0 .  124 0 .  0 2 5 - 0 . 1 0 4 - 0 . 1 2 6 - 0 . 2 3 3 - 0 . 1 4 5
SMDN - 0 . 0  15 0 .  1 34 - 0 . 1 0 1 0 . 0 2 0 - 0 . 0 8 4 - 0 . 1 0 3 - 0 . 1 8 9 - 0 . 1 1 8
PUMP 0 . 0 0 6 - 0 . 0 4 8 0 .  C1 1 - 0 . 0 0 2 0 . 0 0 6 - 0 . 0 0 5 0 .  0 1 0 - 0 . 0 0 3
PUMN - 0 . 0 4 8 0 . 3 6 4 - 0 . 0 8 6 0 . 0 1 7 - 0 . 0 4  8 0 .  0 3 8 - 0 . 0 7 9 0 . 0 2 0
ROMA 0 . 0 1 1 - 0 . 0 86 0 . 6 7 5 - 0 . 1 3 4 0 . 0 4 3 - 0 . 0 8 4 0 . 0 2 3 - 0 . 0 5 7
RQPS - 0 . 0 0 2 0 .  0 17 - 0 .  134 0 . C 2 7 - 0 . 0 0 9 0 . 0 1 7 - 0 . 0 0 5 0 . 0 1 1
AIKP 0 . 0 C 6 - 0 .  0 4 8 0 .  0 43 - 0 . C C 9 0 . 0 9 8 0 . 0 6 2 0 .  172. 0 .  149
AIKN - 0 . 0 0 5 0 .  0 3 8 - 0 . 0 8 4 0 . 0 1 7 0 . 0 6 2 0 . 2 6 2 0 . 1 8 7 0 . 2 5 6
CLMP 0 . 0 1 0 - 0 . 0 7 9 0 . 0 2 3 - 0 . 0 0 5 0 .  172 0 .  187 0 . 5  19 0 . 3  74
CLMN - 0 .  CC3 0 . 0 2 0 - 0 .  0 5 7 0 . 0 1 1 0 .  149 0 . 2 5 6 0 . 3 7 4 0 . 4 8 8
EFMP 0 . 0 1 2 - 0 .  0 9 0 - 0 . 0 8 5 0 . 0 1 7 - 0 . 0 1 9 - 0 . 0 4 3 0 .  0 6 4 0 . 0 2 4
EFMN - 0 . C09 C. 0 6 9 - 0 . 0 9 5 0 . 0 1 9 - 0 .  0 7 9 - 0 . 0 2 0 0 . 0 1 8 0 .  0 5 2
CB 1 0 .  CC1 - C .  0 0 9 0 . 0 1 3 - 0 . 0 0 3 - 0 . 0 1 5 0 . 0 0 6 - 0 . 0 2 6 - 0 . 0 2 0
CR2 - 0 . 0 0 5 0.  0 34 - 0 . 0 2 6 0 . 0 0 5 0 . 0 2 2 - 0 . 0 1 9 0 . 0 4 1 0 . 0 3 0
PSVR 0 . 0 1 S - 0 . 146. 0 . 0 2 0 - 0 . 0 0 4 0 .  0 3 8 0 . 0 5 5 0 . 0 5 7 0 . 0 6 1
GEFT2 0 .  CC3 - 0 . 0 2 2 0 . 0 0 6 - 0 . 0 0 1 - 0 . 0 0 4 - 0 . 0 1 3 - 0 . 0 1 2 - 0 . 0 2 0
GEFT3 - 0 . 0 0 3 0 . 061 - 0 .  01 7 0 . 0 0 3 0 . 0 1 1 0 . 0 3 6 0 .  0 3 2 0 .  0 5 7
HPT1 0 . 0 1 5 - 0 .  1 17 0 .  02 9 - 0 . 0 C6 - 0 . 0 0 8 - 0 . 0 7 5 - 0 . 0 5 2 - 0 . 0 6 1
HFT2 - 0 . 0 1 1 0 .  0 8 5 - 0 . 021 0 . C 0 4 0 . 0 0 6 0 . 0 5 4 0 .  03 8 0 . 0 4 5
VSAT - 0 . C 0 9 0 . 0 6 8 - 0 .  113 0 . 0 2 2 - 0 . 0 8 2 - 0 . 0 6 5 0 .  0 0 5 - 0 . 0 0 9
NS1 0 . 0 0 7 - 0 . 0 5 7 - 0 .  05 1 0 . 0 1 0 - 0 . 0 0 5 - 0 . 0 3 2 - 0 . 0 1 1 - 0 . 0 4 0
NS2 0 . 0 2 1 - 0 .  1 5 7 0 . 0 5  2 - 0 . 0 1 0 0 .  0 2 1 - 0 . 0 0 7 0 . 0 8 1 0 . 0  03
DR 1 0 .  0 0 8 - 0 . 0 6 1 - 0 . 0 0 5 0 . 0 0 1 - 0 . 0 7 0 - 0 . 0 6 8 - 0 . 0 9 2 - 0 . 0 6 5
DR2 0 . 0 C8 - 0 . 0 5 9 - 0 . 0  03 0 . 0 0 1 - 0 . 0 4 8 - 0 . 0 5 3 - 0 . 0 4 0 - 0 . 0 6 5
LCIP - 0 . 0 0  1 G. 0 0 9 - 0 . 2 5 0 0 . 0 5 0 - 0 . 0 0 4 0 .  0 6 3 0 . 0 5 7 0 . 1 3 0
LCIN - 0 . 0 0 2 0.  0 19 - 0 . 0 2 7 0 .  C05 - 0 . 0 0 1 0 .  0 7 9 0 . 0 1 4 0 .  0 5 0
UNIT1 - 0 . 0 0 4 0 . 0 2 8 0 .  0 5 7 - 0 . 0 1 1 0 . 0 3  4 0 . 0 7 8 0 . 0 8 0 0 . 0 9 5
UNIT2 - 0 . 0 0 2 0 .  0 1 2 0 .  0 2 5 - 0 . 0 0 5 - 0 . 0 1 9 0 . 0 5 5 - 0 . 0 7 7 0 , 0 1 2
UHIT3 0 . 0 1 7 - 0 . 1 2 9 0 . 0 0  3 - 0 . 0 0 1 - 0 . 0 0 2 - 0 . 0 0 8 - 0 . 0 0 8 - 0 . 0 4 7
UNIT4 0 .  C1 6 - 0 . 1 2 4 - G . 07 0 0 . 0 1 4 0 . 0 1 5 0 . 0 0 7 0 . 0 1 7 0 . 0 2 2
FINAL 0 . 0 C8 - 0 . 0 60 - 0 .  014 0 .  003 - 0 . 0 0 1 0 . 0 7 4 0 .  0 6 2 0 .  0 96
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F I N A L  R E S I D U A L  MAT RI X FOR FEMALES
I APIAT E EFMP EFMN CR 1 CE2 PSVR GEFT 2 GEFT3 HPT1
HSPC - 0 . C 9 1 - 0 .  0 7 2 - 0 .  0 3 9 0 . 0 6 8 0 .  0 3 0 - 0 . 0 0 7 0 . 0 1 9 0 . 0 1 4
HSCA 0 . 0 1 0 0 . 0 0 6 0 . 0 3 1 - 0 .  0 5 6 - 0 . 0 0 8 - 0 . 0 1 0 0 . 0 2 6 0 .  0 2 4
HSPS 0 .  C55 0 .  0 4 6 - 0 . 0 0 8 0 . C 1 7 - 0 . 0 1 3 0 . 0 1  6 - 0 . 0 4 5 - 0 . 0 4 0
OS AT 0 .  0 6 2 0 . 0 8 9 - 0 .  001 0 . 0 0 3 - 0 . 0 1 5 0 . 0 1 1 - 0 . 0 3 0 - 0 . 0 3 4
ALG 0 . 0 2 6 - 0 . 0 5 1 - 0 . 0 0 7 0 . 0 1 0 0 .  0 2 3 - 0 . 0 0 1 0 . 0 0 2 0 . 0 3 0
TRIG - 0 . 1 2 4 - 0 . 0 0 3 0 .  01 5 - 0 . 0 2 5 - 0 . 0 2 8 - 0 . 0 1 1 0 . 0 3 1 - 0 . 0 2 0
SMDP - 0 . 0 6 4 0 .  1 0 2 - 0 .  024 0 . 0 4 2 0 . 0 1 1 - 0 . 0 1 2 0 .  0 3 2 - 0 . 0 0 7
SMDN - 0 . C52 0 .  0 83 - 0 .  01 9 0 . 0 3 4 0 . 0 0 9 - 0 . 0 0 9 0 .  0 2 6 - 0 . 0 0 6
PUMP 0 . 0 1 2 - 0 .  0 0 9 0 . 0 0 1 - 0 . 0 0 5 0 .  01 9 0 . 0 0 3 - 0 . 0 0 8 0 . 0 1 5
PUMN - 0 . 0 9 0 0.  0 6 9 - 0 .  0 0 9 0 . 0 3 4 - 0 . 1 4 6 - 0 . 0 2 2 0 . 0 6 1 - 0 . 1 1 7
■RQHA - 0 . C 6 5 - C . 0 9 5 0 . 0 1 3 - 0 . 0 2 6 0 . 0 2 0 0 . 0 0 6 - 0 . 0 1 7 0 . 0 2 9
FOPS 0 .  0 1 7 0 . 0 1 9 - 0 . 0 0 3 0 . 0 0 5 - 0 . 0 0 4 - 0 . 0 0  1 0 . 0 0 3 - 0 . 0 0 6
AIKP - 0 . 0 1 9 - 0 . 0 7 9 - 0 . 0 1 5 0 . 0 2 2 0 .  03 8 - 0 . 0 0 4 0 . 0 1 1 - 0 . 0 0 8
AIKN - 0 . C U 3 - C .  02 0 0 .  0 06 - 0 . 0 1 9 0 .  0 5 5 - 0 . 0 1 3 0 . 0 3 6 - 0 . 0 7 5
CLMP 0 . 0 6 4 0 .  0 18 - 0 . 02  6 0 . 0 4 1 0 .  0 5 7 - 0 . 0 1 2 0 .  0 3 2 - 0 . 0 5 2
CLMN 0 . 0 2 4 0 . 0 5 2 - 0 . 0 2 0 0 . 0 3 0 0 . 06 1 - 0 . 0 2 C 0 . 0 5 7 - 0 . 0 6 1
EFMP 0 .  3 52 0 .  1 4 3 0 .  0 0 8 - 0 . 0 0 7 - 0 . 0 5 3 0 .  01 2 - 0 . 0 3 3 0 . 0 0 9
EFMN 0 .  143 C. 2 / 0 0 .  0C3 0 . 0 0 1 - 0 . 0 5 5 - 0 . 0 0 4 0 .  0 1 2 - 0 . 0 0 8
CR1 0 . 0 0 8 0 . 0 0 3 0 .  0 5 5 - 0 . 0 9 3 - 0 . 0 6 6 0 .  01 3 - 0 . 0 3 5 - 0 . 0 1 9
CR2 - 0 . 0 0 7 0 . 0 0 1 - 0 . 0 9 3 0 .  167 0 . 0 2 8 - 0 . 0 2 0 0 .  0 5 5 0 . 0 3 0
PSVP - 0 . 0 5 3 - 0 .  0 5 5 - 0 .  066 0 . 0 2 8 0 . 7 4 9 - 0 . 0 2 6 0 .  0 7 7 0 . 0 3 7
GEFT2 0 .  0 1 2 - 0 . 0 0 4 0 . 0 1 3 -  0 . 0 2 0 - 0 . 0 2 3 0 . 0 3 7 - 0 . 1 0 2 - 0 . 0 0 5
GEFT3 - 0 . 0 3 3 0 . 0 1 2 - 0 .  0 3 5 0 . 0 5 5 0 .  0 7 7 - 0 . 1 0 2 0 . 2 8 4 0 . 0 1 3
HPT1 0 . 0 0 9 - 0 . 0 0 8 - 0 . 0 1 9 0 . 0  .3 0 0 .  0 3 7 - 0 . 0 0 5 0 .  0 1 3 0 . 162
HPT 2 - 0 . CC7 0 .  0C6 0 . 0 1 4 - 0 . 0 2 2 - 0 . 0 2 7 0 . 0 0 3 - 0 . 0 0 9 - 0 . 1 1 8
VSAT 0 . 168 0.  251 - 0 .  0 53 0 . 0 8 4 0 .  103 - 0 . 0 0 7 0 . 0 2 0 - 0 . 0 2 7
NSl 0 . 1 9 4 0 . 0 0 4 - 0 . 0 1 3 0 . 0 0 1 0 . 1 8 3 0 . 0 1 C - 0 . 0 2 7 - 0 . 0 1 9
NS2 0 . C1  C - 0 . 0 0 6 - 0 . 0 0 6 0 . 0 1 1 - 0 . 0 0 2 - 0 . 0 0 2 0 . 0 0 5 0 . 0 8 1
DR1 0 .  177 0 .  1 2 0 - 0 .  0 26 C . 0 2 8 0 .  157 0 . 0 6 4 - 0 . 1 7 8 - 0 . 0 1 4
DP2 0 . 1 0 1 0 . 0 8 6 - 0 . 0 4 1 0 .  0 5 9 0 .  1 30 0 . 0 2 6 - 0 . 0 7 7 - 0 . 0 0 2
LCIP 0 . 2 5 8 C. 1 17 0 . 0 1 7 - 0 . 0 0 5 —0 . 2 0 5 0 .  0 23 - 0 . 0 6 5 - 0 . 0 1 5
LCIN - 0 . 0 5 3 - 0 .  0C2 0 .  0 6 0 - 0 . 0 8 5 - 0 . 1 9 3 0 .  05  2 - 0 . 1 4 5 - 0 . 1 2 1
UNI T1 - 0 . 0 2 4 - 0 . 0  18 0 .  051 - 0 . 1 0 2 0 . 0 6 3 0 . 0 0 6 - 0 . 0 1 6 - 0 . 0 7 5
II NIT 2 0 . 0 2  1 - 0 . 0 1 5 0 . 0 0 1 0 . 0  16 - 0 . 1 4 0 - 0 . 0 0 5 0 .  013 - 0 . 0 0 5
UNIT3 0 .  1CP - 0 . 0 2 8 C. CC7 - 0  . 0 0 9 - 0 . 0 2 9 - 0 . 0 0  5 0 . 0 2 6 0 .  0 2 6
UNIT 4 0 .  0 7 5 - 0 .  0 1 2 0 . 0 0 8 - 0 . 0 0 2 - 0 .  106 - 0 . 0 1 6 0 .  0 4 5 0 . 0 1 3
FINAL 0 . 0 9 8 0.  071 0 .  0 1 4 - 0 . 0 2 4 - 0 . 0 2 0 - 0  . 0 0 6 0 . 0 1 6 0 . 0 0 8
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F I N A L  R E S I D U A L  MATRIX FOR F E MAL E S
VAPIATE n NTT 1 UNIT2 UN IT 3 UNIT4 FINAL
HSPC - 0 .  148  - 0 . 0 3 7  0 . 0 6 8  0 . 0 1 0  - 0 .  0 6 6
HSCA 0 . 1 9 7  0 . 0 1 5  0 . 0 5 0  - C . 0 1 8  0 . 0 7 5
HSPS - 0 . 1 2 6  0 . 0 1 0  - 0 . 1 1 1  0 . 0 1 4  - 0 . 0 4 1
QSAT - 0 . 0 2 3  - 0 . 0 5 1  - 0 . 1 2 2  - 0 . 1 0 1  0 . 0 1 1
ALG 0 . 0 1 9 - 0 . 0 0 3  0 . C 5 7  0 . 0 2 9  0 . 0 3 7
TRIG - 0 . 0 1 0  0 . 0 6 5  0 . 0 3 1  0 . 0 6 2  - 0 . 0 8 5
SMDP - 0 . 0 5 9  0 . 1 0 6  - 0 . 0 2 0 - 0 . 0 7 6  0 . 0 0 4
SMDN - 0 . 0 4 6  C . 0 8 6  - G. C 1  6 - 0 . 0 6 2  0 . 0 0 3
PUMP - 0 . C 0 4  - 0 . 0 0 2  0 . 0 1 7  0 . 0 1 6  0 . 0 0 8
PUMN 0 . 0 2 8  0 . 0 1 2  - 0 . 1 2 9  - 0 . 1 2 4  - 0 . 0 6 0
ROMA 0 . 0 5 7  0 . 0 2 5  0 . 0 0 3  - 0 . 0 7 0  - 0 . 0 1 4
RQPS - 0 . 0 1 1  - 0 . 0 0 5  - 0 . 0 0 1  0 . 0 1 4  0 . 0 0 3
AIKP 0 . 0 3 4  - 0 . 0 1 9  - 0 . 0 0 2  0 . 0 1 5  - 0 . 0 0 1
AIKN 0 . 0 7 8  0 . 0 5 5  - 0 . 0 0 8  0 , 0 0 7  0 . 0 7 4
CLMP 0 . 0 8 0  - 0 . 0 7 7  - 0 . 0 0 8  0 . 0 1 7  0 . 0 6 2
CLMN 0 . C 9 5  0 . 0 1 2  - 0 . 0 4 7  C . 0 2 2  0 . 0 9 6
EFMP - 0 . 0 2 4  0 . 0 2 1  0 . 1 0 8  0 . 0 7 5  0 . 0 9 8
EFMN - 0 . 0 1 8  - 0 . 0 1 5  - 0 . 0 2 8  - 0 . 0 1 2  0 . 0 7 1
CR1 0 . C 5 1  0 . 0 0 1  0 . 0 0 7  0 . 0 0 8  0 . 0 1 4
CR2 - 0 ,  102  0 . 0 1 6  - 0 . 0 0 9  - 0 . 0 0 2  - 0 .  0 2 4
PSVR 0 . 0 6 3  - 0 . 1 4 0  - 0 . 0 2 9  - 0 . 1 0 6  - 0 . 0 2 0
GEFT2 0 . C C 6  - 0 . 0 0 5  - 0 . 0 0 9  - 0 . 0 1 6  - 0 . 0 0 6
GEFT3 - 0 . 0 1 6  0 . 0 1 3  0 . 0 2 6  0 . 0 4 5  0 . 0 1 6
HPT1 - 0 , 0 7 5 - 0 . 0 0 5  0 . 0 2 6  0 . 0 1 3  0 . 0 0 8
HPT2 0 . C 5 5  0 . 0 0 4  - 0 .  01 9 - 0 . C 0 9  - 0 . 0 0 6
VSAT - 0 . 0 7 0  - 0 . 0 3 5  - 0 . 0 6 7  - 0 . 0 4 5  0 . 0 6 0
NS1 0 . 0 2 0  0 . 1 1 6  0 . 0 5 7  0 . 0 5 9  0 . 0 9 1
NS2 - 0 . 1 1 7  0 . 0 7 1  - 0 . 0 2 7  0 . 0 7 2  0 . 0 4 0
DR 1 - 0 .  1 4 4  - 0 .  0 3 3  - 0 .  175  - 0 . 2 4 7  - 0 . 0 8 2
DE2 - 0 . 0 1 3  0 . 0 6 7  - 0 . 1 1 8  - 0 . 0 2 5  0 . 0 1 6
LCIP 0 . C 4 S  C- 1 14 0 .  0 9 2  0 .  1 86  0 .  11 0
LCIN 0 . 2 4 6  0 . 1 6 0  0 . 1 2 5  C . 0 8 0  - 0 , 0 2 8
UNIT1 0 . 7 3 4  0 . 2 8 5  0 . 3 5 1  0 . 3 0 8  0 . 2 9 0
UNIT2 0 . 2 8 5  C . 6 8 9  0 . 4 3 8  0 . 4 1 2  0 . 3 4 5
UN I T 3 0 .  3 5 1  0 .  4 3 8  0 .  7C8 0 . 5 3 2  0 . 4 1 9
UNIT4 0 . 3 0 8  0 . 4 1 2  0 . 5 3 2  0 . 6 3 4  0 . 3 7 7
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F I N  AT. RES I  DO .AL MATRIX FOE MALES
fARIATE PUMP PUMN RQMA BOPS AIKP AIKN CLMP CLMN
HSPC 0 . 0 5 2 - 0 .  061 0 .  03 2 0 . 0 2 7 0 .  0 7 9 0 . 0 3 0 0 .  152 0 . 0 0 4
HSCA - 0 . C 3  7 0 . 0 4 4 0 .  0 1 7 0 . 0 1 4 - 0 . 0 0 9 - 0 . 0 0 6 0 . 0 2 3 0 . 0 7 5
HSPS 0 . 0 3 5 - 0 . 0 4 1 - 0 .  022 - 0 . 0 1 8 0 . 0 0 1 0 . 0 0 3 - 0 . 0 4 3 - 0 . 0 8 3
QSAT - 0 . 0 1 7 0 . 0 2 0 - 0 . 0 7 2 - 0 . 0 6 0 0 . 0 0 3 - 0 . 0 3 4 - 0 . 0 4 3 - 0 . 0 0 7
ALG 0 . G 2 C - 0 . 0 2 4 - 0 . C C 9 - 0 . 0 0 7 - 0 . 0 0 7 - 0 . 0 2 2 - 0 . 0 2 4 - 0 . 0 1 7
TRIG - 0 . 0  10 0 . 0 1 1 0 . C 8 8 0 . C 7 3 0 . 0 0 7 0 . 0 6 5 0 .  0 7 8 0 . 0 3 0
SMDP 0 . C 1 9 - 0 . 0 2 3 - 0 .  0 1 0 - C . G 0 8 0 . 0 3 0 0 . 0 3 1 0 . 0 1 7 0 . 0 3 2
SP1DM - 0 . 0 4 1 C. 0 4 9 0 .  021 O.C 18 - 0 . 0 6 5 - 0 . 0 6 6 - 0 . 0 3 7 - 0 . 0 6 8
PUMP 0 . 0 7 6 - 0 .  0 9 0 -  0 .  G 03 - 0 . 0 G 3 0 . 0 5 7 0 . 0 4 1 0.  0 5 3 0 . 0 3 9
PUMN - 0 . C 9 C 0 .  1 07 0 . 0 C 4 0 . 0 0 3 - 0 . 0 6 7 - 0 . 0 4  9 - 0 . 0 6 3 - 0 . 0 4 6
ROMA - 0 . 0 0 3 0 .  0 0 4 0 . 4 5 1 0 . 3 7 7 0 . 0 1  S O.OOC 0 . 0 2 6 0 . 0 3 4
RQPS - 0 . 0 0 3 0 . 0 0 3 0.  3 7 7 0 . 3 1 6 0 .  0 1 6 0 . 0 0 0 0 . 0 2 2 0 . 0 2 8
AIKP 0 . C 5 7 - 0 . 0 6 7 0 . 0 1 9 0 . 0  16 0 .  2 2 5 0 , 0 8 1 0 .  1 9 0 0 . 0 5 2
AIKN 0 . 0 4 1 -  C. 0 4 9 C. 0 0 0 0 . 0 0 0 0 .  08 1 0 .  184 0 .  1 5 9 0 . 1 0 9
CLMP 0 . 0 5 3 - 0 . 0 6 3 0 .  0 2 6 0 . 0 2 2 0 .  190 0 , 1 5 9 0 . 4 2 3 0 .  1 93
CLMN 0 .  C35 - C . 0 4 6 0 .  0 3 4 0 . 0 2 8 0 .  0 5 2 0 . 1 0 9 0 . 1 9 3 0 .  231
EFMP 0 . 0 1 8 - 0 . 0 2 1 - 0 . 0 6 2 - 0 . 0 5 2 0 . 0 4  1 - 0 . 0 4 0 0 .  103 - 0 . 0 7 1
EFMN - 0 . 0 3 6 0 .  0 4 3 0 .  0 0 8 0 . 0 0 6 - 0 . 0 3 4 - 0 . 0 7 8 0 . 0 2 4 - 0 . 0 5 9
CB1 - 0 . 0 2 2 0 . 0 2 6 - 0 .  0 4 2 - 0 . 0 3 5 - 0 . 0 3 6 - 0 . 0 5 3 - 0 .  021 - 0 . 0 1 3
CE2 O.OC6 - 0 . 0C8 - 0 .  0 4 0 -  C .  03 4 0 . 0 3 7 - 0 . 0  11 0 .  0 0 9 0 . 0  07
PSVR 0 . 0 0 8 - 0 . 0 1 0 0 .  0 2 3 0 . 0 1 9 0 . 0 1 1 0 .  0 2 4 0 .  0 0 8 0 . 0 0 4
GEFT2 0 .  0 0 7 - 0 .  0 0 9 - 0 . 0 4 4 - 0 . 0 3 7 - 0 . 0 6 6 - 0 . 0 2 1 - 0 . 0 0 6 - 0 . 0 2 7
GEFT3 - o . o o c 0 .  0 0 6 0 .  0 3 0 0 . 0 2 5 0 . 0 4 4 0 . 0 1 4 0 . 0 0 4 0 . 0 1 8
HPT 1 0 . 0 0 5 - 0 . 0  05 - 0 . Cl  1 - 0 . 0 0 9 - 0 . 0 0 1 0 .  004 - 0 . 0 0 1 - 0 . 0 0 1
HPT2 0 . 0 2 4 - 0 . 0 2 8 - 0 .  055 - C . 0 4 6 - 0 . 0 0 6 0 . 0 2 1 - 0 . 0 0 3 - 0 , 0 0 3
VSAT 0 . 0 1 2 - 0 . 0 1 5 - C . C 8 7 - 0 . 0 7 3 0 . 0 3 9 0 . 0 4 5 - 0 .  0 7 7 - 0 . 1 2 4
NS1 - 0 . C73 0 . 0 8 7 - 0 . 1 3 6 - 0 . 1 1 4 - 0 . 0 9 4 - 0 . 0 6 8 - 0 .  101 - 0 . 0 9 9
NS 2 - 0 . 0 6 0 0 . 0 7 1 - 0 . 1 4 3 - C .  119 0 . 0 0 7 - 0 . 0 4 8 0.  0 57 - 0 . 0 3 5
DR 1 - 0 . 0 1 7 0 . 0 2 1 - 0 . 1 2 5 - 0 .  1 0 5 - 0 . 0 0 1 - 0 . 0 0 6 - 0 . 0 9 8 - 0 . 1 2 7
DR2 - 0 . C25 C . 0 3 G - 0 . 0 4 2 - 0 . 0 3 5 0 .  0 0 4 - 0 . 0 1 9 - 0 . 0 1 4 - 0 . 0 7 1
LCIP - 0 . 0 0 8 0.  0 0 9 - 0 .  0 2 7 - 0 . 0 2 3 0 .  076 0 . 0 4 0 0 .  1 52 0 . 0 1 7
LCIN - 0 . 0 6 2 0 .  0 7 3 0 .  0 6 9 0 . 0 5 7 - 0 . 0 7 2 - 0 . 0 9 6 0.  0 2 3 0 .  074
U NIT 1 0 .  C12 - 0 . 0  14 0 .  100 0 . 0 8 4 - 0 . 0 8 5 - 0 . 0 3 7 0 . 0 2 2 0 . 0 1 3
UNTT2 0 . C 1 7 - 0 . 0 2 0 C. 11 9 0 . 1 0 0 - 0 . 0 3 8 - 0 . 0 4 8 - 0 .  0 6 0 - 0 . 0 1 5
IJNIT3 0 .  0 43 - 0 .  0 50 0 .  0 6 3 0 . 0 5 2 0 .  0 06 0 . 0 5 7 0 . 0 4 0 0 . 0 5 1
niilTtt 0 . 0 2 9 - 0 . 0 3 5 0 .  0 26 0 . 0 2 2 - 0 . 0 4 8 0 .  0 2 C - 0 .  01 9 0 . 0 4 7
FINAL 0 . 0 0 5 - 0 .  0G5 C. C CO 0 . 0 0 0 - 0 . 0 4 6 - 0 . 0 3 3 - 0 . 0 9 9 - 0 . 0 2 0
18 0
F T N f l l  F E S I D O J L  MA T R I X  FOR HALE S
fARIATE EFMP EFMN CR 1 CR2 PSVR GEFT2 GEFT3 HPT 1
HSPC 0 .  18 £4 0.  0 2 7 - 0 . 0 1 1 0 . 1 5 0 - 0 . 0 1 3 0 . 0 5 2 - 0 . 0 3 5 - 0 . 0 0 1
HSCA - 0 . 0 4  3 - 0 .  0 10 0 .  0 5 2 0 . 0 1 1 - 0 . 0 2 3 0 . C 0 1 - 0 . 0 0 1 - 0 . 0 0 7
HSPS 0 . C 2 6 C. 0C8 - 0 . 0 5 6 - 0 .  0 2 9 0 .  0 2 7 - 0 . 0 0 7 0 . 0 C 5 0 . 0 0 8
QSAT - 0 . 0 4  2 - 0 .  0 01 0 .  C07 - 0 . 0 1 9 - 0 . 0 0 1 - 0 . 0 4 7 0 . 0 3 2 - 0 . 0 0 2
ALG 0 .  0 0 3 0 .  0 07 0 .  0 5 5 0 . 0 1 3 - 0 . 0 2 5 O.OOC 0 . 0 0 0 0 . 0 0 8
TRIG 0 . 0 4 1 - 0 . 0 0 8 - 0 . 0 8 3 0 . 0 0 3 0 . 0 3 5 0 . 0 5 C - 0 . 0 3 4 - 0 . 0 0 9
SHOP - 0 . 0 2 4 - 0 . 0 3 3 0 .  001 - 0 . 0 0 6 0 . 0 0 0 - 0 . 0 0 2 0 .  0 0 2 0 . 0 0 1
SMDN 0 .  C5 1 0 .  071 - 0 .  0 02 0 . 0 1 3 - 0 . 0 0 1 0 . 0 0 5 - 0 . 0 0 3 - 0 . 0 0 1
PH HP 0 . C 1 8 - 0 .  0 3 6 - 0 . 0 2 2 0 . 0 0 6 0 .  0 0 8 0 .  0 07 - 0 . 0 0 5 0 . 0 0 5
PTJMN - 0 . 0 2 1 0 . 0 4 3 0 .  0 2 6 - C .  0 0 8 - 0 . 0 1 0 - 0 . 0 0 8 0 . 0 0 6 - 0 . 0 0 5
ROMA - 0 . C62 o . o c e - 0 .  0 42 - C . 0 4 0 0 .  0 2 3 - 0 . 0 4 4 0 . 0 3 0 - 0 . 0 1 1
RQPS - 0 . 0 5 2 0.  0 0 6 - 0 . 0 3  5 - 0 . 0 3 4 0 .  0 1 9 - 0 . 0 3 7 0 . 0 2 5 - 0 . 0 0 9
AIKP 0 . 0 4 1 - 0 . 0 3 4 - 0 .  03 6 0 . 0 3 7 0 . 0 1 1 - 0 . 0 6 6 0 .  0 4 4 - 0 . 0 0 1
AIKN - 0 . C 4 C - 0 . 0 7 8 - 0 .  05 3 - 0 . 0 1 1 0 . 0 2 4 - 0 . 0 2 1 0 . 0 1 4 0 . 0 0 4
CLMP 0 .  103 0.  0 2 4 - 0 .  02 1 C. CC9 0 . 0 0 8 - 0 . 0 0 6 0 .  0 0 4 - 0 . 0 0 1
CLMN - 0 . 0 7 1 - C .  0 5 9 - 0 .  01 3 0 . 0 0 7 0 . 0 0 4 - 0 . 0 2 7 0 . 0 1 8 - 0 . 0 0 1
EFMP 0 .  29 6 0 . 0 6 8 0.  0 0 9 0 . 0 8 3 - 0 . 0 1 4 0 .  06 5 - 0 . 0 4 6 0 . 0 0 4
EFMN 0 . 0 6 8 0 .  1 C7 0 . C 3 8 - 0 . 0 2 7 - 0 . 0 1 3 0 . 0 3 8 - 0 . 0 2 5 - 0 . 0 0 3
CF1 O. OC9 0 . 0  38 0 .  5 8 0 0 . 3  73 - 0 .  2 8 9 0 . 0 5 6 - 0 . 0 3 7 0 . 0 0 3
CR2 0 . 0 8 3 - 0 . 0 2 7 0 .  3 7 3 0 . 5  83 - 0 . 2 2 7 0 . 0 4 5 - C .  033 0 .  007
PSVR - 0 . 0 1 4 - 0 . 0 1 3 - 0 . 2 8 9 - C . 2 2 7 0 .  149 - 0 . 0  2 5 0 . 0 2 0 - 0 . 0 0 2
GEFT2 0 .  C66 0 . 0 3 8 0 .  0 5 6 0 . 0 4 9 - 0 .  0 2 9 0 . 2 5 1 - 0 . 1 6 8 0 . 0 0 6
GEFT3 - 0 . 0 4 6 - 0 .  0 2 5 - 0 .  0 3 7 - 0 . 0 3  3 0 .  0 2 0 - 0 . 1 6 6 0 .  1 13 - 0 . 0 0 4
HPT 1 0 . 0 0 4 - 0 . 0  03 0 .  0C3 0 . 0 0 7 - 0 . 0 0 2 0 .  0 0 6 - 0 . 0 0 4 0 . 0 2 2
HPT 2. 0 .  C2C - 0 .  01*7 0 . 0 1 5 0 . 0 3 5 - 0 . 0 1 1 0 . 0 3 3 - 0 . 0 2 2 0 .  1 12
VS A^ 0 . 0 2 5 - 0 .  0 3 8 - 0 . 0 2 4 0 . 0 1 2 0 . 0 0 9 - 0 . 0 2 7 0 . 0 1 8 0 . 0 2 4
N S 1 - 0 . 0 3 5 0 .  0 7 2 - 0 . 0 1 7 - 0 . 0 7 3 0 . 0 1 6 - 0 . 1 1 2 0 .  0 7 5 - 0 . 0 2 2
NS2 0 .  1 C 8 0 . 0 7 2 0 .  165 0 . 0 6 7 - 0 . 0 8 0 - 0 . 0 2  8 0 .  0 1 8 0 . 0  14
DR 1 O. G3 8 - 0 . 0  06 0 .  C74 - 0 . 0 2 8 - 0 . 0 2 8 - 0 . 0 1 5 0 . 0 1 3 - 0 . 0 1 1
DR2 0 . 0 1 5 0.  0 3 9 0 . 0 6 7 - 0 . 0 7 3 - 0 . 0 1  9 0 . 0 1 5 - 0 . 0 1 3 - 0 . 0 0 9
LCIP 0 .  151 0 . 0 2 2 0 .  133 0 . 2 4 2 - 0 .  0 8 5 0 . 1 1 1 - 0 . 0 7 5 0 . 0 1 1
LCIN - 0 . 0 6 3 0 . 0 8 1 0 .  150 0 . 0 3 1 - 0 . 0 6 7 0 . 0 4 4 - 0 .  0 2 9 - 0 . 0 0 7
UNIT1 0 . 0 0 6 0.  0 7 0 0 .  0 9 5 - 0 . 0 € 3 - 0 . 0 4 0 - 0 . 0 1 3 0 .  0 0 8 0 . 0 1 5
UNIT2 - 0 . C66 0 . 0 2 2 0 .  0 3 5 0 . 0 3 5 - 0 . 0 1 9 0 . 0 2 2 - 0 . 0 1 5 0 . 0 0 5
UNIT3 - 0 . C 7 6 - C .  0 1 9 0 .  0 4 0 C. C27 - 0 . 0 2 0 - 0 . 0 0 6 0 .  0 0 4 0 .0 0 0
UNI TH - 0 . 0 7 C - 0 . 0 2 1 - 0 . 0 2 3 - C . 0 2 0 0 . 0 1 2 - 0 . 0 2 2 0 .  0 1 4 - 0 . 0 0 1
FINAL - 0 . 0 5 3 - 0 . 0 1 8 0 .  0 3 0 C . 0 5 6 - 0 . 0 2 0 0 .  0 0 3 - 0 .  00 2 0 . 0 1 3
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F i l l  AL R E S I D U A L  M A T E I X  FOR KALES
rARTATE HPT 2 VSAT NS 1 NS2 DR 1 DR 2 LCIP LCIN
HSPC - 0 . 0 0 4 0.  0 42 0 .  0 1 6 0 .  0 7 2 - 0 . 1 0 5 - 0 . 0 9 1 0 . 1 9 1 - 0 . 0 3 0
HSCA - 0 . 0 3 6 - 0 . 1 7 9 - 0 . 0 4 1 0 . 0 3 7 - 0 . 1 2 8 - 0 . 0 0 4 0 . 0 4 6 0 . 0 5 6
HSPS 0 . 0 4 0 0.  1 92 0 .  C44 - C . C 4 9 0 .  153 0 . 0  14 - 0 . 0 7 2 - 0 . 0 5 8
OSAT - 0 . 0 1 2 0 .  1 95 0 .  120 0 . 0 0 8 0 .  121 0 . 0 6 1 0 . 0 2 5 0 . 0 4 5
ALG 0 . 0 4 3 - 0 .  0 5 7 - 0 . 0 4 7 - 0 . 0 3 7 - 0 . 0 2 3 - 0 . 0 4 2 - 0 . 1 0 0 0 . 0 7 4
TRIG - 0 . 0 4 6 - 0 . 1 2 8 - 0 . 0 6 2 0 . 0 4 2 - 0 . 0 9 6 - 0 . 0 0 7 0.  1 10 - 0 . 1 4 9
S HD P 0 . 0 C 3 0 . 0 1 8 - 0 .  04 1 - C . 0 2 3 - 0 .  0 3 9 - 0 . 0 1 7 0 . 0 1 0 - 0 . 0 2 8
SKDN - 0 . 0 0 7 - 0 . 0 3 9 0 .  C88 0 . 0 4 9 0 .  0 8 3 0 .  0 3 7 - 0 . 0 2 1 0 .  0 6 0
PUMP 0 . 0 2 4 0 . 0  13 - 0 . 0 7 3 -  0 . 0 6 0 - 0 . 0 1 7 - 0 . 0 2 5 - 0 . 0 0 8 - 0 . 0 6 2
PUMN - 0 . 0  28 - 0 . 0 1 5 0 .  0 8 7 0 . 0 7 1 0 . 0 2 1 0 .  03 C C. 0 0 9 0 . 0 7 3
RQM A - 0 . 0 5 5 - C .  0 8 7 - 0 . 1 3 6 - 0 . 1 4 3 - 0 . 1 2 5 - 0 . 0  42 - 0 .  0 2 7 0 . 0 6 9
RQPS - 0 .  046 - C .  0 73 - 0 .  114 - 0 . 1 1 9 - 0 . 1 0 5 - 0 . 0 3 5 - 0 . 0 2 3 0 . 0  57
AIKP - 0 . 0 0 6 0.  0 3 9 - 0 . C 9 4 0 . 0 0 7 - 0 . 0 0 1 0 . 0 0 4 0 .  076 - 0 . 0 7 2
AIKN 0 . 0 2 1 0 .  0 4 5 - 0 . 0 6 8 - 0 . 0 4 8 - 0 . 0 0 8 - 0 . 0 1 9 0 . 0 4 0 - 0 . 0 9 6
CL HP - 0 . C C 3 - 0 . 0 7 7 - 0 . 1 0 1 0 . 0 5 7 - 0 . 0 9 3 - 0 . 0 1 4 0 . 1 5 2 0 . 0 2 3
CLMN - 0 . 0 0 3 - 0 . 1 2 4 - 0 . 0 9 9 - 0 . 0 3 5 - 0 . 1 2 7 - 0 . 0 7 1 0 . 0 1 7 0 . 0 7 4
EFMP 0 .  02C 0 . 0 2 5 - 0 . 0 3 5 0 .  1 08 0 .  0 3 8 0 . 0 1 5 0 .  151 - 0 . 0 6 3
EFMN - 0 . C 1 7 - 0 . 0 3 8 0 . 0 7 2 0 . 0 7 2 - 0 . 0 0 6 0 . 0 3 9 0 . 0 2 2 0 . 0 8 1
CR1 0 . 0 1 5 - 0 .  0 2 4 - 0 . 0 1 7 C . 1 6 5 0 . 0 7 4 0 . 0 6 7 0 . 1 3 3 0 . 1 5 0
CR2 0 . 0 3  5 0 .  0 12 - 0 . 0 7 3 0 . 0 6 7 - 0  . 0 2 8 - 0 . 0 7 3 0.  2 4 2 0 . 0 3 1
PSVR - 0 . 0 1 1 0.  0 0 9 0 .  016 - 0 . 0 8 0 - 0 . 0 2 8 - 0 . 0 1 5 - 0 . 0 8 5 - 0 . 0 6 7
GFFT2 0 . 0 3  3 - 0 . 0 2 7 - 0 . 1 1 2 - C . 0 2 8 - 0 . 0 1 9 0 . 0 1 5 0 . 1 1 1 0 . 0 4 4
GEFT3 - 0 . 0 2 2 0 . 0  18 0 .  0 7 5 0 . 0 1 8 0 . 0  13 - 0 . 0 1 3 - 0 . 0 7 5 - 0 . 0 2 9
HPT 1 0 . 1 1 2 0 .  0 2 4 - 0 . 0 2 2 0 . 0 1 4 - 0 . 0 1 1 - 0 . C G 5 0 .  01 1 - 0 . 0 0 7
HPT2 0 .  5 7 7 0.  1 23 - 0 .  1 15 C . 0 7 2 - 0 . 0 5 5 - 0 . 0 4 9 0.  0 5 6 - 0 . 0 3 7
VSAT 0 .  123 C. 8 8 C 0 . 1 9 2 - 0 . 0 1 2 0 . 2 7 4 0 . 2 2 G - 0 . 1 3 5 - 0 . 2 3 3
NS1 - 0 . 1 1 5 0 .  1 92 0 .  8 7 2 0 . 3  4 8 0 .  130 0 . 2 7 2 0 .  041 - 0 . 1 1 6
NS2 0 . 0 7 2 - 0 . 0 1 2 0 . 3 4 8 C . 8 6 2 0 .  173 0 . 2 4 5 0.  2 5 7 - 0 . 1 7 2
DR 1 - 0 . C 5 5 C . 2 7 4 0 .  130 0 .  173 0 . 7 0 8 0 . 4 0 3 - 0 . 0 4 1 - 0 . 2 8 6
DR 2 - 0 . C 4 9 C. 2 2 0 0 .  2 7 2 0 . 2 4 5 0 . 4 0 3 0 . 7 7 5 0 .  0 3 4 - 0 . 1 5 5
LCIP 0 .  05 6 - 0 .  1 35 0 .  041 C . 2 5 7 - 0 . 0 4 1 0 .  0 3 4 0.  6 5 3 - 0 . 0 5 2
LCI N - 0 . C 3 7 - 0 . 2  33 - 0 .  116 - 0 . 1 7 2 - 0 . 2 8 6 - 0 . 1 5 5 - 0 .  0 5 2 0 . 8 5 3
1J NIT 1 0 .  0 7 5 0.  0 8 5 0 . 1 1 3 0 .  194 - 0 . 0 3  1 0 .  120 0 .  0 3 9 0 . 0 9 3
UNIT2 0 .  0 2 7 0.  0 2 4 - 0 . 0 5 9 - 0 . 0 7 2 - 0 .  02 7 0 . 1 9 5 - 0 . 0 8 8 - 0 . 0 2 1
UNIT3 0 .  CCC 0 .  1 CC - 0 . 0 1 0 0 . 0 5 4 - 0 . 0 2 6 0 . 1 9 3 0 . 0 1 5 - 0 . 0 3 0
1JNIT4 - 0 . 0 0 6 0 .  0 8 7 0 .  074 - C . 0 7 3 - 0 . 0 4 6 0 .  1 13 - 0 . 0 0 6 - 0 . 0 6 8
FINAL 0 . 0 6 5 0.  0 3 7 - 0 . 0 4 9 - C . 0 2 3 - 0 . 0 2 2 0 . 1 2 9 - 0 . 0 0 8 0 . 0 0 4
F I N A L  R E S I D U A L  MATRIX FOR HALES
fARIATE UNIT 1 UNIT2 UNIT3 UNIT 4 FINAL
HSPC - 0 . 0 6 1 0.  0 1 2 - 0 .  1 C3 0 . 0 1 2 - 0 .  1 6 3
HSCA - 0 . C 9 5 - C . 0 3 6 - 0 . 0 1 5 - 0 . 0 0 2 0 . 0 3 3
HSPS 0 . 1 1 1 0.  0 3  8 0 .  0 2 8 0 . 0 0 0 - 0 . 0 1 8
0 -S A T - 0 . 0 2 3 - 0 . 0 4  1 - 0 . 0 6 8 0 .  044 - 0 . 0 0 7
ALG 0 . 0 1  1 0 . 0 3 5 0 .  074 - 0 . 0 1 0 - 0 . 0 0 1
TRIG 0 .  C09 - 0 . 0 0 5 - 0 . 0 3 0 - 0 . 0 3 3 0 . 0 0 9
SHDP - 0 . 0 2 5 - 0 . 0 3 4 - 0 .  0 0 3 - 0 . C C 3 0 . 0 0 9
S MD N 0 . 0 5 4 0 . 0 7 2 0 . 0 0 6 0 . 0 0 7 - 0 . 0 2 0
PUMP 0 . 0 1 2 0.  0 1 7 0 . 0 4 3 C . 0 2 9 0 . 0 0  5
FUMN - 0 . 0 1 4 - 0 . 0 2 0 - 0 .  0 5 0 - 0 . 0 3 5 - 0 . 0 0 5
ROMA 0 .  1 c c C. 1 19 0 .  0 63 0 . C 2 6 C.OOO
RQPS 0 . 0 8 4 0.  1 00 0 . 05 2 0 . 0 2 2 0 . 0 0 0
AIKP - 0 . 0 8 5 - 0 .  0 3 8 0 .  006 - 0 . 0 4 8 - 0 . 0 4 6
AIKN - 0 . 0 3 7 - 0 . 0 4 8 0 .  0 5 7 0 . 0 2 0 - 0 . 0 3 3
C l  HP 0 .  0 2 2 - 0 .  0 6 0 0 .  0 4 0 - 0 . 0 1 9 - 0 .  0 9 9
CLMN 0 . 0 1 2 - 0 .  0 1 5 C. 0 5 1 0 . 0 4 7 - 0 . 0 2 0
EFMP 0 . CC6 -  C. 0 6 6 - 0 . 0 7 6 - 0 . 0 7 0 - 0 . 0 5 3
EFMN 0 . 0 7 0 0 . 0 2 2 - 0 .  0 1 9 - 0 . 0 2 1 - 0 . 0 1 8
CR 1 0 . 0 9 5 0 .  0 3 5 0 . 0 4  0 - C . 0 2 3 0 . 0 3 0
CR2 - 0 . C C 3 C . 0 3 5 0 .  0 2 7 - 0 . 0 2 0 0 . 0 5 6
PSVR - 0 . 0 4 0 - C .  0 1 9 - 0 . 0 2 0 0 . 0 1 2 - 0 . 0 2 0
GEFT2 - 0 . 0 1 3 0 . 0  22 - 0 . 0 0 6 - 0 . 0 2 2 0 . 0 0  3
GEFT3 0 .  CCP - 0 . 0 1 5 0 . 0 0 4 C . 0 1 4 - 0 . 0 0 2
HPT 1 0 .  01 5 0.  0 0 5 0 .  0 0 0 - 0 . 0 0 1 0 .  0 1 3
HPT2 0 . C 7 9 0 . 0  27 0 . 0 0 0 - 0 . 0 0 6 0 . 0 6 5
VSAT 0 .  C85 0 . 0 2 4 0 .  1 0 0 0 . 0 6 7 0 . 0 3 7
NS 1 0 .  113 - 0 .  0 5 9 - 0 . 0 1 0 0 . 0 7 4 - 0 . 0 4 9
NS2 0 .  194 - 0 .  0 72 C. 054 - 0 . 0 7 3 - 0 . 0 2 3
DR 1 - 0 . 0 3 1 - 0 . 0 2 7 - 0 . 0 2 6 - 0 . 0 4 6 - 0 . 0 2 2
DR2 0 . 1 2 0 0 .  1 99 0 . 1 9 3 0 . 1  13 0 .  1 2 9
LCIP 0 . 0 3 9 - 0 . 0 6 8 0 .  015 - 0 . 0 0 6 - 0 . 0 0 8
LCTN 0 . 0 9 3 - 0 .  0 2  1 - 0 .  03  0 - 0 . 0 6  8 0 . 0 0 4
U NIT 1 0 . 7 6 0 0 . 3 4 1 0.  5 0 2 0 . 3 0 3 0 .  281
UNTT2 0 . 3 4 1 0 .  7C8 0 . 4 6 5 0 . 3 5 2 0 .  3 2 7
UNIT3 0 . 5 C 2 0 .  4 6 5 0 .  7 6 7 0 . 4 2 2 0 .  3 9 7
UNIT4 0 .  30 3 0.  3 5 2 0 . 4 2 2 0 . 6 0 7 0 . 2 9 4
FINAL 0 .  20 1 C . 3 2 7 0 . 3 9 7 0 . 2  94 0 . 4 8 0
II
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Table 21. Factor theory co rre la tio n  matrices
FACTOR THEORY CORRELATION MATRIX FOR FEMALES
PART ATE HSPC HSCA HSPS QSAT ALG TRIG SMDP SM DN
HSPC 0 . 5 2 0 0.  4 2 8 0 .  401 0 . 0 9 7 0 .  0 1 0 0 . 0 9 6 0 .  0 9 5 0 . 0 6 0
H SC A 0 .  4 2 8 0.  6 17 0 . 5 4 4 0 . 2 3 7 0 .  149 0 . 1 5 1 0 . 0 5 9 0 . 0 2 2
HSPS 0 .  40 1 0.  5 4 4 0 . 6 1 2 0 . 2 2 3 0 .  179 0 .  16 1 0 .  1 10 0 .  0 8 9
QSAT 0 . C S 7 0 . 2 3 7 0 . 2 2 3 0 . 5 4 1 0 . 6 3 0 0 . 4 1 9 0 . 0 3 3 - 0 , 0 2 6
A LG 0 . 0 1 0 C. 1 4 9 0 .  1 7 9 0 . 6 3 0 0 .  8 2 0 0 . 5 4 5 0 . 0 1 3 0 .  0 1 0
TRIG 0 . 0 5 6 0.  1 51 0 .  161 0 . 4 1 9 0 . 5 4 5 0 .  4 1 9 - 0 , 0 2 4 0 .  0 4 4
SMDR 0 . C 9 5 C. 0 9 9 0 . 1 1 0 0 . 0 3 3 0 . 0 1 3 - 0 . 0 2 4 0 .  1 5 6 - 0 .  1 17
SMDN 0 . 0 6 0 0 . 0 2 2 0 .  C89 - 0  . 0 2 6 0 . 0 1 0 0 . 0 4 4 - 0 .  117 0 . 4 4 5
POMP 0 .  5 0 3 0 . 1 8 3 0 .  2 9 2 0 . 1 6 9 0 . 2 5 4 0 . 2 8 3 0 .  121 0 .  143
PUMN 0 .  3 2 2 0.  1 2 0 0 .  2 4 2 0 . 2 2 4 0 .  2 9 8 0 . 2 4 6 0 . 1 1 8 0 .  174
ROM A 0 .  111 0 .  1 97 0 . 2 9 4 0 . 2 2 1 0 . 3 0 6 0 .  2 3 8 0 . 0 6 6 0 . 0 7 5
RQPS 0 . 0 0 5 0.  1 1 3 0.  2 9 9 0 . 2 C 2 0 . 3 4  1 0 . 2 7 8 0 .  1 10 0 . 0 1 7
AIKP 0.  2 1 6 0.  2 7 8 0 . 2 9 8 0 . 3 1 7 0 .  3 0 5 0 . 2 1 9 0 . 1 2 4 0 . 2 4 1
AIKN 0 . 0 4 0 0.  2 13 0 . 2 6 4 0 . 3 4 3 0 . 3 6 7 0 . 2 3 0 0 . 0 9 1 0 . 1 5 9
CLMP 0 . 2 5 5 0 . 2  66 0 . 3 3 0 0 . 3 1 3 0 . 3 8 5 0 . 3 0 1 0 .  1 12 0 .  134
CLHN 0 . 0 9 5 0 . 2 4 0 0 . 2 8 3 0 . 3 1 3 0 .  3 7 5 0 . 2 7 5 0 . 0 7 2 0 . 1 4 0
EFMP 0 . 2 4 6 C. 1 56 0 .  187 0 . 2 0 5 0 .  2 3 0 0 .  197 0 .  125 0 , 2 0 9
EFMN 0 . 2 1 3 0 . 0 9 6 0 . 1 5 7 0 .  146 0 .  163 0 . 1 2 9 0 . 0 9 1 0 . 3 3 4
CE1 - 0 .  161 - 0 .  2 3 2 - 0 .  0 8 0 0 . 0 5 4 0 .  121 0 . 0 8 G - 0 . 0 6 4 - 0 . 0 8 3
CR2 - 0 . 0 8 0 - 0 . 1 4 2 - 0 .  0 5 5 0 . 1 6 5 0 .  2 3 5 0 .  173 - 0 . 0 4 5 - 0 . 1  17
PSVR - 0 . C13 0 .  0 2 5 0 . 0 8 4 0 .  175 0 . 2 1 6 0 . 1 5 1 - 0 . 0 1 7 0 . 0 9 3
GEFT2 - 0 . 0 6 4 0 . 0 0 4 0 .  138 0 . 2 4 7 0 . 1 8 9 - 0 . 0 0 4 0 . 0 2 2 - 0 . 0 2 3
GEFT3 - 0 .  15 C 0 . 0 0 2 0 .  11 4 0 . 2  56 0 . 2 3 4 0 . 0 4 5 - 0 . 0 0 7 - 0 . 0 3 6
HPT1 - 0 . 1 5 5 - 0 . 0 1 4 0 .  1 4 8 0 .  141 0 .  2 5 9 0 , 0 3 5 0 . 1  04 0 . 0 1 8
HPT2 - 0 . 0 8 1 - 0 .  0 9 0 0 .  0 9 7 0 . 0 5 4 0 .  185 0 . 0 0 9 0 .  141 0 . 0 8 7
VS AT 0 . 0 1  1 0 .  0 36 0 .  0 3 5 0 . 1 1 4 0 .  154 0 . 0 8 8 - 0 . 0 1 5 0 . 0 0 4
NS 1 0 .  076 0 .  1 18 0 .  0 6 7 0 .  177 0 .  169 0 . 1 1 5 0 . 0 1 0 - 0 , 1 3 4
NS2 0 .  G94 0.  0 73 0 .  165 0 . 0 6 2 0 . 0 8 8 0 .  0 9 7 - 0 . 0 4 0 0 . 0 1 9
DR 1 - 0 . C 1 2 0 . 0 3 4 0 . 0 4  5 0 . 0 7 3 0 . 0 5 5 0 . 0 4 4 - 0 . 0 3 5 0 . 0 1 7
DR2 0 .  119 0 . 1 1 4 0 .  1 5 0 0 . 0 5 0 - 0 . 0 0 6 - 0 . 0 3 1 0 . 1  03 - 0 . 0 6 3
LCIP 0 .  0 0 6 - C .  0 6 9 - 0 .  026 - 0 . 0 0 5 0 . 0 6  0 0 .  06  1 0 .  0 1 0 0 . 1  15
LCI N - 0 . C77 - 0 .  1 67 - 0 . 1 0 9 - 0 . 1 9 5 - 0 . 1 2 0 - 0 . 0 5 1 - 0 . 0 5 6 0 . 0 9 0
DNIT1 0 .  101 0 .  0 0 8 0 .  0 8 0 0 . 1 1 2 0 .  2 2 3 0 . 2 1 2 - 0 . 0 6 3 0 . 2 0 0
TTNIT2 0 . 2 1 8 0.  2 1 5 0 .  2 8 5 0 . 2 7 0 0 .  3 5 0 0 . 3 0 2 0 .  0 2 8 0 . 0 9 0
UNTT3 0 .  155 0.  122 0 .  1 66 0 . 2 1 7 0 . 2 9 8 0 . 2 8 9 - 0 , 0 5 3 0 . 0 4 9
UNTT4 0 .  2 3 4 0 .  2 7 1 0 .  33 3 0 . 3 2 7 0 . 3 7 5 0 . 3 1 9 0 . 0 1 5 0 . 0 2 7
FINAL 0 . 3 3 5 0.  3 5 9 0 .  4 0 4 0 . 3 3 9 0 .  4 0 4 0 . 3 6 5 0 .  0 2 7 0 . 0 7 2
FACTOR THEORY C O R R E L A T I O N  MAT RI X FOR F E P A I E S
f AFT ATE PUMP pa MB RQMA E CPS AIKP AIKN CLMP CLMN
HSPC 0 .  5 0 3 0 .  3 2 2 0 .  111 0 . 0 0 5 0 . 2 1 6 0 . 0 4 0 0 . 2 5 5 0 ,  0 95
HSC A 0 .  183 0 .  120 0 .  1 9 7 0 .  113 0 .  2 7 8 0 . 2 1 3 0 . 2 6 6 0 . 2 4 0
HSPS 0 . 2 9 2 0 . 2 4 2 0 . 2 9 4 0 . 2 9 9 0 . 2 9 8 0 . 2 6 4 0 .  3 3 0 0 . 2  83
QSAT 0 .  189 0 . 2 2 4 0 . 2 2 1 0 . 2  02 0 . 3 1 7 0 . 3 4 3 C . 3 1 3 0 . 3 1 3
ALG 0 . 2 5 4 0.  2 9 8 0 .  3 0 6 0 . 3 4 1 0 . 3 0 5 0 . 3 6 7 0 . 3 8 5 0 . 3 7 5
TRIG 0 .  2 8 3 0 .  2 4 6 0 . 2 3 8 0 . 2 7 8 0 .  2 1 9 0 . 2 3 C 0 . 3 C 1 0 , 2  75
SMDP 0 .  12 1 0 .  1 1 8 0 .  066 C . 1 10 0 .  1 24 0 . 0 9 1 0 .  1 1 2 0 . 0 7 2
SMDN 0 .  143 0.  1 74 0 .  C75 0 . 0 1 7 0 .  241 0 .  159 0 .  134 0 .  140
PUMP 0 .  9 9 4 0.  7 4 3 0 . 2 6 9 0 . 3  27 0 .  3 0 6 0 .  0 75 0 . 4 3  8 0 .  161
POMN 0 . 7 4 3 0 . 6  36 0 .  2 6 2 0 . 3 3 5 0 . 4 0 9 0 . 2 4 1 0.  4 1 3 0 . 2 4 0
RQMA 0 . 2 6  9 0 . 2 6 2 0 . 3 2 5 0 . 5 0 5 0 .  2 6 5 0 . 2 8 3 0 . 3 0 4 0 . 3 0 7
RQPS 0 . 3 2 7 0 . 3 3 5 0 . 5 0 5 0 . 9 7 3 0 .  3 3 5 0 . 4 1 5 0 . 3 6 6 0 . 4 3 4
AIKP 0 . 3 0 6 0 . 4 0 9 0 .  2 6 5 0 . 3 3 5 0 . 9 0 2 0 . 7 5 6 0 .  5 1 6 0 . 5 8 8
AIKN 0 . C 7 5 0 . 2 4 1 0 .  2 8 3 0 . 4  15 0 . 7 5 8 0 . 7 3 6 0 . 4 3 0 0 . 5 7 2
CLMP 0 .  4 3 8 0 .  4 13 0.  304 0 . 3 6 6 0 . 5 1 6 0 . 4 3 0 0 .  481 0 . 4 2 9
CLMN 0 .  161 0 .  2 4 0 0 .  3 0 7 0 . 4 3 4 0 . 5 8 8 0 . 5 7 2 0 . 4 2 9 0 . 5 1 2
EFMP 0 . 5 1 5 0.  5 0 6 0 . 2 3 9 0 . 3 4 0 0 . 6 8 4 0 . 5 0 C 0 . 4 5 1 0 . 4 1 7
EFMN 0 .  4 83 0 . 5 1 6 0 .  191 0 . 2 3 5 0 . 7 0 5 0 . 5 0 2 0 . 4 1 4 0 . 3 8 2
CR1 - 0 . 1 4 4 - 0 .  114 - 0 . 0 4 4 - 0 . 0 6 5 - 0 . 0 6 3 0 .  0 6 3 0 . 0 6 3 0 . 0 7 0
CR2 - 0 . 0 5 4 - 0 . 0 5 6 - 0 . 0 2 6 - 0 . 0 8 4 0 . 0 0 4 0 .  0 9 2 0 .  131 0 . 1  14
PSVP 0 . 0 0 4 0 .  0 6 8 0 .  0 8 9 0 . 0 8 5 0 . 2 8 1 0 .  300 0 .  2 0 8 0 . 2 5 3
GEFT2 - 0 .  135 0 .  0 4 0 - 0 .  042 - 0 . 1 5 8 0 .  1 25 0 . 2 0 7 - 0 . 0 3 3 - 0 , 0 0 3
GEFT3 - 0 . 2 2 7 - 0 . 0 3 7 0 . 0 2  6 0 . 0 1 1 0 .  105 0 . 2 3 6 - 0 . 0 4 1 0 . 0 5 6
HPT1 - 0 . 1 5 2 0 .  0 0 5 0 .  1 06 0 . 0 3 8 0 .  0 0 0 0 .  129 0 .  147 0 .  125
HPT 2 0 .  C66 0 . 1 6 8 0 .  1 00 0 . 0 3 8 0 . 0 9 3 0 .  13C 0 . 2 3 6 0 .  143
V SAT 0 . 0 5 8 0 .  0 4 8 0 .  028 - 0 . 0  17 - 0 . 0 9 4 - 0 . 0  76 - 0 . 0 0 8 - 0 . 0 4 9
NS 1 0 .  0 42 0 . 0 0 4 0 .  0 0 5 - 0 . 0 4  9 - 0 . 0 7 4 - 0 . 0 5 4 - 0 . 0 0 7 - 0 , 0 4 0
NS 2 0 .  157 0 . 0 8 6 0 . 1 0 1 0 .  1 34 - 0 . 1 2 7 - 0 . 0 8 7 0 . 0 2 5 - 0 . 0 3 0
DR1 - 0 . 0 8 9 - 0 . 0 5 0 0 .  C06 - 0 . 0 0 6 0 . 1 0 6 0 .  134 0 .  0 3 8 0 . 0 9 2
DR2 0 .  031 0 . 0 5 1 - 0 . 0 0 1 - 0 . 0 6 4 0 .  1 8 2 0 .  157 0 . 1 3 0 0 .  105
LCIP 0 .  143 0.  1 33 0.  061 0 . 0 8 3 0 .  152 0 . 1 0 8 0 .  161 0 . 1 3 3
LCIN 0 . 0 3 4 - 0 . 0 2 3 - 0 .  CC4 0 . 0 3 2 - 0 . 2 2  1 - 0 . 2 0 8 - 0 .  0 4 9 - 0 . 0 9 6
UNIT1 0 . 3 3 6 0 .  2 5 3 0.  1 4 3 0 .  147 0 . 0 4 9 0 . 0 0 7 0 .  1 84 0 . 0 9 4
UNIT 2 0 . 3 9 8 0 . 3 1 9 0 . 2 6 7 0 . 3 3 6 0 . 2 3 3 0 .  201 0 . 3 2 6 0 , 2 5 8
UNIT3 0 . 3 1 8 0.  2 0 4 0 .  185 C . 2 3 7 0 . 0 3 4 0 . 0 3 2 0 .  1 8 8 0 .  1 23
UNIT4 0 . 3 2 6 0 . 2 5 4 0 . 2 4 9 0 . 2 9 4 0 .  2 2 4 0 . 2 2 2 0 , 3  03 0 . 2 5 7
FINAL 0 .  47C 0.  3 4 2 0.  30 2 0 . 3  37 0 . 2 1 3 0 .  172 0 . 3 5 6 0 . 2 6 0
185
FACTOR THEORY C O R R E L A T I O N  MATRIX FOR F E P A I E S
fARIATE EFMP EF a N CR1 CR2 PSVR GEFT2 GEFT3 HPT 1
HSPC 0 . 2 4 6 0 . 2  13 - 0 . 1 6 1 - 0 . 0 8 0 - 0 . 0 1 3 - 0 . 0 6 4 - 0 . 1 5 0 - 0 . 1 5 5
HSCA 0 .  156 0 . 0 9 6 - 0 . 2 3 2 - 0 . 1 4 2 0 . 0 2 5 0 . 0 0 4 0 . 0 0 2 - 0 . 0 1 4
HSPS 0 .  187 0 .  1 5 7 - 0 . 0 8 0 - 0 . 0 5 5 0 . 0 8 4 0 .  1 3 8 0 .  1 14 0 .  148
QSAT 0 .  2 0 5 0 .  1 46 0 .  0 5 4 0 .  165 0 .  175 0 .  2 47 0 . 2 5 6 0 .  141
ALG 0 .  2 3 0 0 .  1 6 3 0 . 1 2 1 0 . 2 3 5 0 . 2 1 6 0 .  189 0 .  2 3 4 0 . 2 5 9
TRIG 0 .  1S7 C. 1 2 9 0 . C 8 0 0 . 1 7 3 0 .  151 - 0 . 0 0 4 0 . 0 4 5 0 . 0 3 5
SMDP 0 .  125 0.  0 91 - 0 . 0 6 4 - 0 . 0 4 5 - 0 .  01 7 0 . 0 2 2 - 0 . 0 0 7 0 .  1 04
SMDN 0 . 2 0 9 0 .  3 3 4 - 0 . 0 8 3 - 0 . 1 1 7 0 . 0 9 3 - 0 . 0 2 3 - 0 . 0 3 6 0 . 0 1 8
PUMP 0 . 5 1 5 0 . 4 8 3 - 0 .  144 - 0 . 0 5 4 0 . 0 0 4 - 0 . 1 3 5 - 0 . 2 2 7 - 0 . 1 5 2
PUMN 0 .  506 0.  5 1 6 - 0 . 1 1 4 - 0 . 0 5 6 0 . 0 6 8 0 . 0 4 0 - 0 . 0 3 7 0 . 0 0 5
RQMA 0 . 2 3 9 0 .  191 - 0 . 0 4 4 - 0 .  0 26 0.  0 8 9 - 0 . 0 4 2 0.  0 2 6 0 . 1 0 6
RQPS 0 .  34 C C . 2 3 5 - 0 . C65 - 0 . 0 8 4 0 .  0 8 5 - 0 . 1 5 8 0 . 0 1  1 0 . 0 3 8
AIKP 0 . 6 8 4 0 . 7 0 5 - 0 .  063 0 . 0  04 0 . 2 8  1 0 .  125 0 .  1 0 5 0 . 0 0 0
AIKN 0 .  5CC 0 . 5 0 2 0 .  0 6 3 0 . 0 9 2 0 . 3 0 0 0 .  2 0 7 0 . 2 3 8 0 .  129
CLMP 0 .  451 0 .  4 1 4 0 .  063 0 . 1 3 1 0 .  2 0 8 - 0 . 0 3  3 - 0 .  041 0 . 1 4 7
CLMN 0 . 4  1*7 0 . 3 8 2 C. C70 0 . 1 1 4 0 . 2 5 3 - 0 . 0 0 3 0 .  0 5 6 0 .  1 2 5
EFMP 0 . 6 4 6 C. 6 5 4 - 0 .  169 - 0 . 0 9 5 0 .  144 - 0 . 0 7 5 - 0 . 0 9 5 - 0 . 1 0 6
EFHN 0 . 6 5 4 0 . 7 3 0 - 0 . 1 8 3 - 0 . 1 4 2 0 .  153 0 .  0 3 4 - 0 . 0 2 6 - 0 . 0 5 0
CR 1 - 0 .  169 - 0 . 1  63 0 . 9 4 5 0 . 8 5 8 0 .  3 4 7 0 .  2 5 1 0 .  181 0 .  3 82
CR2 - 0 . C 9 5 - 0 .  1 4 2 0 . 8 5 8 0 . 8 3 3 0 . 3 4 0 0 . 1 8 4 0 . 1 1 9 0 . 3 0 9
PSVR 0 . 1 4 4 0.  1 5 3 0 . 3 4 7 0 . 3 4 0 0 .  251 0 . 1 4  1 0 .  1 2 4 0 . 1  81
GEFT2 - 0 . 0 7 5 0 . 0 3 4 0 .  251 0 . 1 8 4 0 .  141 0 . 9 6 3 0 .  7 9 2 0 . 3 3 9
GEFT3 - 0 . C 9 5 - 0 .  0 2 6 0 .  181 0 . 1  19 0 .  124 0 . 7 9 2 0 . 7 1 6 0 . 2 7 0
HPT1 - 0 .  106 - 0 . 0 5 0 0 . 3 8 2 G. 3C9 0 .  181 0 . 3 3 9 0 . 2 7 0 0 .  8 3 8
HPT2 0 .  0 5 9 0 .  1 30 0 .  4 0 8 0 . 3 3 8 0 .  196 0 .  193 0 .  0 8 7 0 . 8 1 0
VS AT - 0 . 0 5 6 - 0 .  0 5 3 - 0 . 0 9 9 - 0 . 0 7 5 - 0 .  0 4 9 0 .  0 8 3 0.  0 7 7 0 . 0 6 5
NS 1 - 0 . 0 7 2 - 0 .  1 2 0 - 0 . 0 4 3 C . 0 1 4 - 0 . 0 3 4 0 .  1 19 0 .  109 - 0 . 0 4 2
NS2 - 0 . 0 6 7 - 0 . 0 9 9 0 .  0 9 4 0 . 0 6 9 0 . 0 0 3 0 .  1 0 6 0 .  0 9 8 0 . 0 3 1
DR 1 0 .  0 0 6 0.  0 0 7 0 .  183 0 . 1 7 3 0 .  118 0 .  132 0 . 1 2 5 0 . 0 1 7
DR2 0 . 0 8 C G . 0 7 9 0 . 2 5 2 0 . 2 4 3 0 . 1 3 4 0 .  2 0 6 0 .  1 14 0 . 1  97
LCIP 0 .  169 0.  179 0 .  1 44 0 . 1 4 3 0 .  109 - 0 . 1 6 2 - 0 . 1 6 3 0 .  102
LCIN - 0 . 0 9 9 - 0 . 0 8 6 0 .  0 9 3 0 . 0 4 4 - 0 .  0 3 3 - 0 . 2 9 2 - C . 2 5 8 0 .  0 79
UNIT1 0 .  1.3 3 0 .  1 4 5 0 .  05 2 0 , 0 7 1 0 . 0 6 6 - 0 . 1 2 8 - 0 . 1 2 3 0 . 0 4 3
UNT.T2 0 . 2 3  9 0 . 1 8 9 0 .  0 5 3 0 . 1  04 0 .  1 1 8 - 0 . 0 3 8 - 0 . 0 2 1 0 . 0 4 8
UNIT3 0 . 0 8 3 0 . 0 2 3 0 .  C92 0 . 1 3 9 0 . 0 7 2 - 0 . 0 8 2 - 0 . 0 4 8 - 0 . 0 7 3
UNTT4 0 .  173 0.  1 08 0 .  1 4 7 0 . 1 9 9 0 .  153 0 . 0 9 7 0 . 1 0 1 0 .  0 3 4
FINAL 0 . 2 2 1 0 .  1 4 5 - 0 .  0 0 5 0 . 0 7 7 0 . 0 9 7 - 0 . 0 4 5 - 0 . 0 2 8 - 0 . 0 0 3
186
F ACTOR THEORY C O R R E L A T I O N  MATRI X FOR FEMALES
LABIATE HPT2 VSAT HS1 NS2 DR 1 DR2 LCIP LCIN
HSPC - 0 . 0 8 1 0.  0 11 0.  0 7 6 C . 0 9 4 - 0 . 0 1 2 0 . 1 1 9 0 . 0 0 5 - 0 . 0 7 7
HSCA - 0 . 0 9 0 0 .  0 3 6 0 . 1 1 8 0 . 0 7 3 0 . 0 3 4 0 .  114 - 0 . 0 6 9 - 0 . 1 6 7
HSPS 0 . 0 9 7 0 . 0 3 5 0 .  0 6 7 0 . 1 6 5 0 . 0 4 5 0 .  150 - 0 . 0 2 6 - 0 . 1 0 9
QSAT 0 . C 5 4 0 .  1 14 0 .  177 0 . 0 6 2 0 . 0 7 3 0 .  0 5 0 - 0 . 0 0 5 - 0 .  195
ALG 0 .  18*3 0.  1 5 4 0 .  1 6 9 0 . 0 8 8 0 .  0 5 5 - 0 . 0 0 6 0 . 0 6 0 - 0 . 1 2 0
TRIG 0 .  CO 9 0 . 0 8 8 0 .  115 0 . 0 8 7 0 . 0 4 4 - 0 . 0 3 1 0 . 0 6 1 - 0 . 0 5 1
SMDP 0 .  101 - C .  0 1 5 C . 0 1 0 -  0 . 0 4 0 - 0 . 0 3  5 0 .  103 0 . 0 1 0 - 0 . 0 5 6
SMDN 0 .  0 8 7 0 . 0 0 4 - 0 . 1 3 4 0 . 0 1 9 0 . 0 1 7 - 0 . 0 6 3 0 .  11 5 0 . 0 9 0
PUMP 0 . 0 6 6 0 . 0 5 8 0.  0 4 2 0 .  1 5 7 - 0 . 0 8 9 0 . 0 3 1 0 .  143 0 . 0 3 4
PUMN 0 .  168 0 .  0 4 8 0 .  0 0 4 0 . 0  86 - 0 . 0 5 0 0 . 0 5 1 0 .  133 - 0 .  023
ROMA 0 .  1CC 0 . 0 2 8 0 .  C05 0 . 1 0 1 0 . 0 0 6 - 0 . 0 0  1 0 .  061 - 0 . 0 0 4
RCPS 0 . 0 3 8 - 0 . 0  17 - 0 . 0 4 9 0 . 1  34 - 0 . 0 0 6 - 0 . 0 6 4 0 . 0 8 3 0 . 0 3 2
AIKP 0 . 0 9 3 - 0 .  0 9 4 - 0 . 0 7 4 - 0 .  127 0 .  106 0 .  182 0 .  152 - 0 . 2 2 1
AIKN 0 .  130 - 0 . 0 7 6 - C .  054 - C . 0 8 7 0 .  134 0 .  1 5 7 0 .  108 - 0 . 2 0 8
CLMP 0 . 2 3 6 - 0 . 0  08 - 0 .  0 0 7 0 . 0 2 5 0 .  0 3 8 0 .  13C 0 .  161 - 0 . 0 4 9
CLMN 0 .  14 3 - C.  0 4 8 - 0 .  0 4 0 - 0 . 0 3 0 0 .  0 9 2 0 . 1 0 5 0 . 1 3 3 - 0 . 0 9 6
EFMP 0 .  0 5 9 - 0 . 0 5 8 - 0 .  0 7 2 - 0 . 0 8 7 0 . 0 0 6 0 . 0 8 0 0 .  1 6 9 - 0 . 0 9 9
EFMN 0 .  13 C - 0 . 0 5 3 - 0 .  120 - 0 . 0 9 9 0 . 0 0 7 0 . 0 7 8 0 .  179 - 0 . 0 8 6
CR 1 0 .  4 0 8 - 0 .  0 9 9 - 0 . 0 4 3 G . 0 9 4 0 .  183 0 . 2 5 2 0 .  1 4 4 0 . 0 9 3
CR2 0 . 3 3 8 - 0 . 0 7 5 0.  01 4 0 . 0 6 9 0 .  173 0 .  2 4 3 0 .  143 0 .  044
PSVR 0 .  186 - C .  0 4 9 - 0 .  0 34 0 . 0 0 3 0 . 1 1 8 0 .  134 0 . 1 0 9 - 0 . 0 3 3
GEFT2 0 .  183 0.  0 83 0 .  11 9 0 . 1  06 0 .  132 0 . 2 0 6 - 0 .  162 - 0 . 2 8 2
GEFT3 0 .  C87 0 . 0  77 0 .  1 09 0 . 0 9 8 0 .  125 0 . 1 1 4 - 0 . 1 6 3 - 0 . 2 5 8
HPT 1 0 .  61 C 0 . 0 6 5 - 0 . 0 4 2 0 . 0 3 1 0 .  0 1 7 0 .  197 0 . 1  02 0 . 0 7 9
HPT2 0 . 9 1 4 0.  0 18 - 0 .  11 9 - C . 0 1 1 - 0 . 0 1 7 0 . 2 2 8 0 .  2 1 3 0 . 1 5 7
V S AT 0 . 0 1 8 0.  101 0 .  0 7 7 0 . 0 5 9 - 0 . 0 3 4 - 0 . 0 6  1 - 0 . 0 4 7 - 0 . 0 1 2
NS 1 - 0 . 1 1 9 0 . 0 7 7 0.  1 4 7 0 . 0 5 9 0 .  0 0 6 - 0 . 0 0 4 - 0 . 0 9 6 - 0 . 1 0 6
NS2 - 0 . 0 1 1 C. 0 5 9 0 .  C59 0 . 1 9 0 0 . 0 1 4 - 0 . 0 1 6 - 0 . 0 4 0 0 . 0 3 2
DR 1 - 0 . 0 1 7 - 0 . 0  34 0 .  0 0 6 0 . 0 1 4 0 .  0 8 8 0 , 0 6  9 0 . 0 0 1 - 0 . 0 6 1
DR2 0 . 2 2 8 - 0 .  0 6 1 - 0 . 0 0 4 - 0 . 0 1 6 0 .  0 6 9 0 . 2 3 5 0 .  0 3 7 - 0 . 0 3 3
LCIP 0 . 2 1 3 - 0 . 0 4 7 - 0 . C96 - 0 . 0 4  0 0 .  0 01 0 . 0 3 7 0 .  161 0 . 1 0 7
LCTN 0 .  157 - 0 . 0 1 2 - 0 .  106 0 . 0 3 2 - 0 . 0 6 1 - 0 . 0 8 3 0 .  107 0 . 2 4 6
UNIT 1 0 . 1 1 3 0.  0 5 8 - 0 . 0 1 4 0 .  108 - 0 . 0 2 0 - 0 . 0 6 E 0 . 1 1 6 0 .  127
UNIT2 0 . 0 7 4 0.  0 4 6 0 .  05 1 0 . 1 3 2 0 .  0 2 2 0 . 0 2 5 0 .  0 7 9 - 0 . 0 0 3
UNIT3 - 0 . C 7 6 C . 0 5 9 0 . 0 8 1 0 .  165 0 .  02 4 - 0 . 0 4 5 0 . 0 3 7 0 . 0 3 3
UNIT 4 0 .  0 0 7 0 .  0 4 4 0 .  1 0 3 0 .  166 0 . 0 7 4 0 . 0 7 3 0 .  0 2 5 - 0 . 0 7 5
FINAL - 0 .  0 0 8 0.  0 7 9 0 . 1 1 5 0 .  1 8 7 0 . 0 2 4 0 . 0 2 2 0 .  0 3 8 - 0 . 0 3 5
FACTOR THEORY C O R R E L A T I O N  MA T R I X  FOR
V ART ATE U N I T 1 UNIT2
HSPC 0 .  10 1 0 .  21 8
FI SC A 0 .  CC8 0 . 2  15
HSPS 0 .  0 8 C 0 . 2 8 5
QSAT 0 . 1 1 2 0 . 2 7 0
ALG 0 .  2 2 3 0 . 3  50
TRIG 0 .  2 12 0.  3 02
SMDP - 0 . 0 6  3 0 . 0 2 8
SMDN 0 . 2 CC O.OSO
PUMP 0 .  3 3 6 0 .  3 SB
PUNN 0 .  2 5 3 0 . 3  19
RQMA 0 .  14 3 C . 2 6 7
RQPS 0 .  147 0 . 3 3 6
AIKP 0 . 0 4 9 0 .  2 3 3
AIKN 0 . 0 0 7 0 .  2 0 1
CLMP 0 .  184 0 . 3 2 6
CLMN 0 . 0 9 4 0 . 2 5 8
EFMP 0 .  133 0 . 2 3 9
EFMN 0 .  145 C. 1 89
CR 1 0 .  0 5 2 0.  0 5 3
CR2 0 . C 7 1 0 .  1 04
PSVR 0 .  0 6 6 0 . 1 1 8
GEFT2 - 0 .  128 - 0 .  0 3  8
GEFT3 - 0 . 1 2 3 - 0 . 0 2 1
HPT1 0 .  0 4 3 0 .  0 4 8
HPT2 0 . 1 1 3 0 . 0  74
VS AT 0 .  0 5 9 0 . 0 4 6
NS 1 - 0 . 0 1 4 0.  051
NS2 0 .  108 0 .  1 32
DR1 - 0 . 0 2 0 0 .  0 2 2
DR2 - 0 . C 6 8 0 .  0 2 5
LCIP 0 . 1 1 6 C. 0 7 9
LCIN 0 .  127 - 0 . 0 0 3
U NIT 1 0 . 2 6 6 C . 2 1 1
UNIT2 0 .  2 1 1 0 . 3 1 1
UNIT3 0 . 2 1 3 0 .  2 6 1
TJNIT4 0 .  16 3 0 . 3  10
FINAL 0 .  235 0 . 3 7 4
UNTT3 UNIT4 FINAL
C o 155 0 . 2 3 4 0 . 3 3 5
0 .  122 0 . 2 7 1 0 . 3 5 9
0 .  166 0 . 3  33 0 .  4 0 4
0 .  2 1 7 0 . 3 2 7 0 . 3 3 9
0 . 2 9 8 0 . 3 7 5 0 . 4 0 4
0 . 2 8 9 0 . 3 1 9 0 . 3 6 5
- 0 . 0 5 3 C . 0 1 5 0 . 0 2 7
0 .  0 4 9 0 . 0 2 7 0 . 0 7 2
0 . 3 1 8 0 . 3 2 6 0 . 4  70
0 .  2 0 4 0 . 2 5 4 0 . 3 4 2
0 .  185 0 . 2 4 9 0 .  3 0 2
0 . 2 3 7 0 . 2 9 4 0 .  3 3 7
0 .  0 3 4 0 . 2 2 4 0 . 2 1 3
0 .  0 3 2 0 . 2 2 2 0 .  172
0 .  188 0 .  3 0 3 0 . 3 5 6
0 . 1 2 3 0 . 2 5 7 0 . 2 6  0
0 . 0 8 3 0 .  1 7 3 0 . 2 2 1
0 . 0 2 3 0 .  108 0 .  1 4 5
0 .  C92 0 . 1 4 7 - 0 . 0 0 5
0 .  1 3 9 0 . 1  99 0 .  0 7 7
0 .  0 7 2 0 .  153 0 .  0 9 7
- 0 . C 8 2 0 . 0 9 7 - 0 . 0 4 5
- 0 .  04 8 C. 1G1 - 0 . 0 2 8
- 0 . 0 7 3 0 . 0 3 4 - 0 . 0 0 3
- 0 .  0 76 0 . 0 0 7 - 0 . 0 0 8
0.  05 9 0 . 0 4 4 0 . 0 7 9
0 . G 8 1 0 .  103 0 .  11 5
0 . 1 6 5 0 . 1 6 6 0 .  1 8 7
0 .  0 2 4 0 .  0 7 4 0 . 0 2 4
- 0 .  0 4 9 C . 0 7 3 0 .  0 2 2
0 .  037 0 . 0 2 5 0 . 0 3 8
0.  0 3 3 - 0 . 0 7 5 - 0 . 0 3 5
0 . 2 1 3 0 . 1 6 3 0 . 2 3 5
C. 261 0 . 3  10 0 . 3 7 4
0 .  2 9 2 0 . 2 7 9 0 . 3 3 4
0 . 2 7 9 0 . 3 6 6 0 . 3 9 7
C. 3 3 4 0 . 3 9 7 0 . 4 9 2
188
F A C T C F  T HE ORY C O R R E L A T I O N  MATRIX FOE MATES
rARI ATE HSPC ESC A HS PS QSAT ALG TRTG SMDP SMDN
HSPC 0 .  12 2 0 .  2 2 8 C. 1 5 9 0 . 1 8 0 0 .  2 0 4 0 .  182 0 . 0 4 0 0 . 1  01
HSC A 0 . 2 2 6 0 .  7C6 0 .  5 6 7 0 . 3 2 2 0 . 2 6 8 0 . 2 3 5 0 . 0 3 1 0 .  0 44
HSPS 0 .  1 5 9 0 . 5 6 7 0 . 6 4 5 C . 3 2 1 0 .  2 6 2 0 . 2 3 4 - 0 . 1 3 7 - 0 . 1  83
QSAT 0 .  180 0 .  3 2 2 0 . 3 2 1 C . 6 2 5 0 . 6 3 5 0 . 4 4 1 - C .  131 - 0 . 0 4 0
ALG 0 .  2 0 4 0 .  2 6 8 0 .  2 6 2 0 . 6 3 5 0 . 7 9 3 0 . 6 0 7 - 0 . 0 1 9 0 . 0  27
TRTG 0 .  18 2 0 . 2 3 5 0 .  2 3 4 0 . 4 4  1 0 . 6 0 7 0 . 6 0 1 0 . 0 7 1 0 . 1 6 9
SMDP 0 . 0 4 0 C. 0 3 1 - C .  1 8 7 - C . 1 3 1 - 0 . 0 1 9 0 . 0 7 1 0 . 9 3 1 0 . 6 7 1
SMDN 0 .  1C1 0 . 0 4 4 - 0 .  183 - 0 . 0 4 0 0 .  0 2 7 0 . 1 6 6 0 . 6 7 1 0 . 6 8 1
PUMP 0 .  2 4 2 C. 31  9 0 .  176 C . 3  89 0 .  3 4 3 0 . 2 5 4 0 . 0 1 7 0 . 2  65
PUMN 0 .  2 2 8 0 .  2 97 0 .  179 0 . 3 6 5 0 . 3 1 0 0 . 2 4 6 - 0 . 0 3 7 0 . 2 5 7
ROMA 0 . 2 1 1 C . 2 1 6 0 . C 8 3 0 . 2 9 4 0 . 3 3 0 0 . 2 8 4 - 0 . 0 6 5 0 .  166
RQ PS 0 .  105 0.  2 5 9 0 . 3 0 2 0 . 4 5 4 0 . 3 6 7 0 .  162 0 . 0 1 2 - 0 . 0 3 0
AIKP 0 . 2 2 6 0 . 2 1 7 C. 2 7 9 0 . 3 0 6 0 . 3 6 5 0 . 4 2 2 - 0 . 1 6 2 Q.  131
AIKN 0 . 2 2 6 C. 1 90 0 . 2 5 7 0 . 3 5 0 0 . 3 7 4 0 . 3 9 8 - 0 . 1 8 0 0 .  1 2 9
CLMP 0 .  2 0 2 0.  2 01 0 . 1 6 1 0 . 3 C 6 0 . 3 0 4 0 . 3 2 2 - 0 .  184 0 .  1 42
CLMN 0 . 2 3 0 0 .  1 8 9 0 .  231 0 . 3  93 0 . 4 1 8 0 . 4 2  1 - 0 . 1 3 7 0 . 1 6 2
EFMP 0 .  22 1 0 .  2 2 8 0 .  2C5 0 . 2 1 3 0 .  2 5 0 0 . 3 4 1 C. C97 0 . 3  23
EFMN 0 .  165 0 .  0 95 0 . 1 6 1 0 . 0 4 8 0 .  0 5 2 0 . 2 1 8 0 .  0 6 7 0 . 3 0 6
CR1 0 . 0 0 6 0 .  1 5 0 0 .  1 9 6 0 .  162 0 . 0 3 6 0 . 0 9 7 - 0 . 0 5 1 0 . 0 5 6
CR2 0 . 0 4 5 0.  2 0 1 0 .  21 3 0 . 2 5 2 0 .  122 0 . 1 5 6 - 0 . 0 5 2 0 . 0 7 2
PSVR - 0 . G 2 9 - 0 . 0C1 0 .  0 6 8 0 . 2 5 8 0 . 0 9 1 0 .  101 - 0 . 2 5 4 - 0 . 0 3 2
GEFT2 0 . 0 1  9 C. 1 09 0 . 0 3 0 0 .  2 7 6 0 .  105 0 . 0 7 3 - 0 . 1 8 0 - 0 . 0 0 6
GEFT3 0 . 0 4 2 C. 1 0 9 0 .  0 8 3 0 . 3  10 0 .  153 0 . 1 2 1 - 0 . 1 2 6 0 . 0 1 1
HPT 1 - 0 . 0  15 0 .  1 14 0 . 1 5 2 - 0 . 0 3 3 - 0 . 0 8 2 0 .  1 31 - 0 . 0 6 4 0 . 0 8 7
HPT 2 - 0 . C 2 1 C. 0 6 6 0 . C 9 6 0 . 0 0 2 - 0 . 0 2 7 0 . 0 9 C - 0 . 1 0 1 - 0 . 0 2 4
VSAT 0 . 0 0  5 0 .  0 3 2 0 .  CC2 0 . 1 4 2 0 .  169 0 . 0 7 3 0 .  0 3 9 - 0 . 0 3 7
NS1 0 . 0 5 1 0 . 0 0 6 0 .  0 1 0 0 . 1 8 3 0 . 2 2 2 0 . 1 4 6 - 0 . 1 4 8 - 0 . 0 4 5
NS2 0 .  CC1 - 0 . 0 2 7 - 0 . 0 8 0 0 . 1 1 5 0 .  142 0 . 1  1C - 0 . 0 1 0 0 . 0 1 8
DR 1 0 . 0 9  1 0 .  1 3 0 0 .  03 9 0 . 3 3 9 0 . 3 4 7 0 . 2 5 0 - 0 . 0 5 4 0 . 0 6 0
DR2 0 . 0 6 7 0 .  1 3 9 0 .  101 0 .  2 97 0 . 2 8 7 0 . 2 3 5 - 0 . 1 0 6 0 . 0 3 8
LCIP 0 . C 2 2 - 0 .  1 06 - 0 . 0 6 8 0 . 1 3 2 0 .  173 0 . 2 1 1 0 .  006 0 . 1 7 1
LCTTT - 0 . 0  10 0 .  0 6 1 0 .  0 8 8 0 . 0 7 8 0 . 0 2 5 0 . 0 6 3 - 0 . 1 6 1 - 0 . 0 7 2
UNI T1 0 . 1 3 9 0 . 3 0 8 0 .  2 7 3 0 . 2 4 0 0 .  2 3 8 0 . 1 6 5 0 .  001 0 . 0 0 5
UNIT2 0 . 1 3 3 0 .  2 6 2 0 . 2 5 9 0 . 3 3 7 0 . 3 2 2 0 . 1 9 6 - 0 . 0 3 6 - 0 . 0 1 7
UNIT3 0 . 0 8 5 0 .  1 61 0 . 2 6 5 0 . 1 7 5 0 .  139 0 . 1  38 - 0 . 0 0 2 0 . 0 1 7
UNIT4 0 .  13C 0 . 3  C 1 0 . 3 4  2 C. 2 8 5 0 . 2 7 1 0 . 2  C8 0 . 0 8 1 0 . 0 4 5
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FACTOR THEORY C O R R E L A T I O N  MATRIX F OR  MALES
rARIATE EFMP EFMN CR 1 CE2 PSVR GEFT2 GEFT3 E1PT1
HSPC 0 . 2 2 1 C. 1 65 0 .  C06 0 . 0 4 5 - 0 . 0 2 9 0 . 0 1  5 0 .  042 - 0 . 0 1 5
HSCA 0 . 2 2 8 0 . 0 S 5 0 .  1 50 C. 2C1 - 0 . 0 0 1 0 .  109 0 . 1 0 9 0 . 1  74
HSPS 0 . 2 C 5 0.  161 0 .  196 0 . 2 1 3 0 . 0 6  8 0 . 0 3 C 0 . 0 8 3 0 .  152
OSAT 0 .  2 1 3 0 .  0 4  8 0 .  182 0 . 2 5 2 0 .  2 5 8 0 . 2 7 6 0 . 3 1  0 - 0 . 0 3 3
ALG 0 .  2 5 C 0 . 0 5 2 0 .  C36 0 . 1 2 2 0 . 0 9 1 0 . 1 0 5 0 .  1 5 3 - 0 . 0 8 2
TRIG 0 . 3 4 1 0 . 2 1 8 0.  C97 0 . 1 5 9 0.  107 0 . 0 7 3 0 .  1 27 0 .  137
SMDP 0 .  C97 0 .  0 6 7 - 0 . 0 5  1 - 0 . 0 5 2 - 0 . 2 5 4 - 0 .  1 8 C - 0 . 1 2 6 - 0 . 0 6 4
SMDN 0 . 3 2 3 0 . 3 0 6 0 .  0 5 6 0 . 0 7 2 - 0 . 0 3 2 - 0 . 0 0 6 0 .  011 0 . 0 8 7
PUMP 0 . 6 2 C 0 . 5 5 4 C.  102 0 . 2 C 6 0 . 0 1 4 0 .  0 8 7 0 . 0 6 2 0 .  126
PUMN 0 . 6 1 8 0 .  5 7 2 0 .  174 C . 2 5 3 0 .  152 0 . 1 3 1 0 . 0 9 4 0 .  141
ROMA 0 .  3C3 0.  170 - 0 . 0 3 2 0 . 0 4 1 0 .  0 7 4 0 .  185 0 . 1 6 7 - 0 . 0 8 2
ROPS 0 . 2 1 6 0 .  1 4 7 0 .  193 0 . 2 6 3 0 . 0 5 7 0 . 1 5 6 0 . 2 1 5 0 . 0 3 0
AIKP 0 .  6 6 8 0 . 7 0 3 0 .  066 0 . 1 1 1 0 . 0 7 1 - 0 . 0 7 4 0 . 0 0 4 0 . 0 2 4
AIKN 0 . 6 8 4 0 . 7 2 2 0 .  0 9 3 0 . 1 4 6 0 .  1 1 5 - 0 . 0 0 4 0 .  0 8 8 - 0 . 0 2 4
CLMP 0 . 5 4 8 0.  5 2 7 0 . 1 0 4 0 . 1 7 5 0 .  139 0 . 1 3 5 0 . 1 5 7 0 . 1 2 6
CLMN 0 . 6 4 1 0.  6 5 2 C. 11 1 0 . 1 6 0 0 .  176 0 . 0 4 8 0.  1 3 5 - 0 . 0 7 1
EFMP 0 .  7 0 4 0 . 7 4 3 0 .  0 7 5 0 . 1 4 7 - 0 . 0 6 3 - 0  . 0 5 0 0 . 0 4 2 0 .  141
EFtMN 0 .  7 4 3 0.  8 8 3 0 .  0 8 4 0 . 1 1 9 - 0 .  0 6 9 - 0 . 1 5 1 - 0 . 0 3 3 0 . 1 3 1
CR1 0 . 0 7 5 0 . 0 8 4 0 . 4 2 0 0 . 3  93 0 . 4 7 5 0 . 3 4 7 0 . 3 3 1 0 . 3 3 2
CR2 0 . 1  47 C. 1 18 0 . 3 9 3 0 . 4 1 7 ■ 0 . 3 8 0 0 . 4 1 8 0 . 4 2 9 0 . 3 9 5
PSVR - 0 . 0 6 3 - C .  0 6 9 0 .  4 7 5 0 . 3 8 0 0 .  851 0 .  4 2 6 0 . 3 2 7 0 . 1 1 5
GEFT2 - 0 . 0 5 0 - 0 . 1 5 1 0 . 3 4 7 G. 4 1 9 0 . 4 2 8 0 . 7 4 8 0 . 7 6 4 0 . 3 3 0
GEFT3 0 .  0 42 - 0 .  0 3 3 0 . 3 3  1 0 . 4 2 9 0 .  3 2 7 0 . 7 6 4 0 . 8 8 7 0 . 2 7 0
HPT 1 0 .  14 1 0.  1 31 0 .  3 3 2 0 . 3 9 5 0 .  115 0 . 3 3 0 0 . 2 7 0 0 . 9 7 8
HPT2 0 .  0 2 9 0 . 0 1 0 C . 1 8 9 0 . 2 5 2 0 . 0 3 9 0 . 2 9 6 0 . 3 0 5 0 .  6 03
VSAT - 0 . 1 2 6 - 0 . 2 1 4 - C . C 0 9 0 . 0 1 7 0 . 0 0 1 0 . 1 0 6 0 .  1 13 - 0 . 0 5 0
NS 1 0 .  104 0 .  0 5 8 - 0 .  022 - 0 . 0 0 2 0 . 0 7 4 0 .  0 0 6 - 0 . 0 2 3 - 0 . 0 6 8
NS2 - 0 . 0 8 8 - 0 . 1 7 3 0.  0 3 5 0 . 0 6 9 0 . 0 9 9 0 . 2 2 2 0 .  2 1 2 0 . 0 7 5
DR 1 0 . C 4 6 - C . 0 91 0 .  122 0 .  152 0 . 2 7 8 0 . 2 6 2 0 . 2 1 0 0 . 0 1 1
DR2 0 .  16 1 0 .  0 7 5 0 .  1 56 0 . 1 8 8 0 . 2 1 6 0 . 2 1 2 0 .  1 70 0 . 1  80
LCIP 0 . 2 2 6 0.  2 5 0 0 .  1 3 5 0 . 0 8 8 0 . 2 9 8 - 0 . 0 3 4 - 0 . 0 9 1 0 .  0 4 9
LCTN - 0 . 0 6 3 - C . 0 8 4 0 .  182 0 .  162 0 .  2 8 4 0 . 2 1  C 0 . 1 7 0 0 . 1 7 9
UNIT1 0 . 2 2 2 C. 1 6C 0 .  01 0 0 . C 7 7 - 0 . 1 2 3 0 . 0 3  1 0 . 0 9 0 0 . 0 1 2
UNIT2 0 . 2 3 8 0.  1 68 0 .  0 5 9 0 . 1 3 5 - 0 . 0 5 4 0 .  0 88 0 .  147 0 . 0 1 8
UNITS 0 .  27 5 0.  3 0 5 0 .  122 0 . 1 5 7 - 0 . 0 2 0 0 .  0 2 7 0 . 1 2 2 0 . 0  94
UNTT4 0 . 3 1 1 0 .  2 8 8 0 .  1 C4 0 . 1 6 9 - 0 . 1 1 0 0 . 0 0 5 0 . 1 0 3 0 .  0 99
FIN AL 0 .  4 0 3 0 .  3 2 5 0 .  0 6 8 0 . 1 4 5 - 0 . 0 4 1 0 .  005 0 .  1 00 - 0 . 0 5 3
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FACTOR THEORY C O R R E L A T I O N  MATRIX FOR MAIES
rARIATE HPT2 VSAT N S 1 NS2 DR1 DR2 LCIP LCIN
HSPC - 0 . 0 2 1 0 .  0 0 5 0 .  05 7 0 . 0 0 1 0 .  091 0 . 0 8 7 0 . 0 3 2 - 0 . 0 1 0
HSCA 0 .  C8 6 0 . 0 3 2 0 . C 0 6 - 0 . 0 2 7 0 .  130 0 . 1 3 5 - 0 . 1 0 6 0 . 0 6 7
HSPS . 0 . 0 9 6 0.  0 0 2 0 .  0 1 0 - 0 . 0 8 0 0 .  03 9 0 . 1 0 1 - 0 . 0 6 8 0 .  0 8 8
OSAT 0 . 0 0 2 0 .  1 4 2 0 .  1 8 3 0 .  115 0 . 3 3 9 0 . 2 9 7 0 . 1  32 0 . 0 7 3
AIG - 0 . 0 2 7 0 . 1 6 5 0 . 2 2 2 0 .  142 0 . 3 4 7 0 . 2 8 7 0 .  1 73 0 . 0 2 5
TRIG 0 . 0 9 0 0 . 0 7 3 0 .  148 0 . 1 1 0 0 , 2 5 0 0 . 2 3 5 0 .  2 1 7 0 . 0 6 3
SMDP - 0 . 1 0 1 0.  0 3 9 - 0 . 1 4 8 - 0 . 0 1 0 - 0 . 0 5 4 - 0 . 1 0 6 0 .  006 - 0 . 1 6 1
SMDN - 0 . 0 2 4 - 0 . 0 3 7 - 0 . 0 4 5 0 . 0  18 0 .  0 6 0 0 . 0 3 6 0 .  171 - 0 . 0 7 2
PUMP - 0 . 0 1 6 - 0 .  0 4  9 0 .  192 - 0 . 0 4 9 0 . 2 0 7 0 . 3 0 7 0 . 2 3 5 - 0 . 0 7 2
PTJMN - 0 . C 1 4 - 0 . 0 7 2 0 .  193 - 0 . 0 4 9 0 .  2 2 2 0 . 3 1 6 0 . 2 8 5 - 0 . 0 2 5
RQMA - 0 . 0 5 6 0 .  0 1 8 0 .  156 0 . 0 9 4 0 .  2 6 7 0 . 1  9 C C . 0 9 0 0 . 0 3 6
BOPS 0 . 0 1 1 0 .  0 9 6 0 .  0 8 0 - 0 . 0 2 2 0 .  132 0 . 2 0 1 0 .  0 3 8 - 0 . 0 4 4
AIKP - 0 . C 3 1 - 0 . 1 2 5 0 .  179 - 0 . 0 7 7 0 .  104 0 .  19C 0 . 2 8 4 - 0 . 0 0 3
AIKN - 0 . 0 5 3 - 0 .  1 16 0 .  191 - 0 . 0 7 0 0 .  126 0 . 2 0 8 0 .  291 - 0 . 0 0 9
CLMP 0 .  04 3 - 0 .  0 00 0 .  178 0 .  0 0 2 0 . 1 8 4 0 .  2 4 4 0.  2 4 0 0 . 0 3 3
CLMN - 0 . C 7 5 - C . 0 8 5 0 .  196 - 0 . 0 3 6 0 .  178 0 . 2 2  3 0 . 3 0 0 0 . 0 0 7
EFMP 0 . 0 2 9 - 0 . 1 2 6 0 .  1 04 - C. 0 8 9 0 . 0 4 6 0 .  16 1 0 .  2 2 8 - 0 . 0 6 3
EFMN 0 . 0 1 0 - 0 . 2 1 4 0 .  0 5 8 - 0 . 1 7 3 - 0 . 0 9 1 0 . 0 7 5 0 . 2  50 - 0 . 0 8 4
CR1 0 .  189 - C .  0 0 9 - 0 . 0 2 2 0 . 0 3 5 0 .  122 0 .  1 56 0 . 1 3 5 0 . 1  82
CR2 0 . 2 5 2 0 .  0 1 7 - 0 . C C 2 0 . 0 6 9 0 .  152 0 .  198 0 .  0 9 8 0 .  162
PSVR 0 . 0 3 9 0 . 0 0 1 0 .  074 0 . 0 9 9 0 .  2 7 8 0 . 2 1 6 0 . 2 9 8 0 . 2 8 4
GEFT2 0 .  2 5 6 0 .  1 06 0 .  006 0 . 2 2 2 0 .  2 6 2 0 . 2 1 2 - 0 . 0 3 4 0 . 2 1 0
GFFT3 0 .  3 0 5 0.  1 13 - 0 . 0 2 3 0 . 2 1 2 0 .  210 0 . 1  70 - 0 . 0 9 1 0 .  170
HPT1 0 .  6C3 - 0 . 0 5 C - 0 . G6 8 0 . 0 7 5 0 . 0 1  1 0 .  18C 0 . 0 4 9 0 . 1 7 9
HPT2 0 . 4 2 3 0 .  0 0 6 - 0 . 0 5 5 0 . 0 9 0 0 .  0 0 7 0 . 0 9 6 - 0 . 0 4 7 0 . 1 2 3
VSAT 0 .  0 0 6 0 .  1 10 0.  01 8 0 . 0 8 7 0 . 0 9 7 0 . 0 4 1 - 0 .  0 56 0 . 0 0 8
NS 1 - 0 . C55 0 .  0 1 8 0 .  120 0 . 0 3 2 0 .  1 2 9 0 . 1 1 5 0 . 1 2 2 0 . 0 0 7
NS2 0 . 0 9 0 0 . 0 8 7 0 . 0 3 2 0 .  138 0 .  140 0 . 0 8 1 0 . 0 0 4 0 . 0 6 4
DR 1 0 .  0 07 0 . 0 9 7 0 .  129 0 .  140 0 . 2 9 2 0 . 2 1 5 0 .  134 0 .  0 96
DR2 0 . C S 6 0 .  041 0 .  11 9 0 . 0 8 1 0 . 2 1 5 0 . 2 2  5 0 .  153 0 . 0 8 0
LCIP - 0 . 0 4 7 - 0 .  0 5 6 0 .  122 0 . 0 0 4 0 .  134 0 .  153 0 .  3 4 7 0 . 0 4 8
LCIM 0 .  123 0.  0 0  8 0 .  0 0 7 0 . 0 6 4 0 .  C96 0 . 0 8 C 0 . 0 4 8 0 .  1 4 7
UNIT 1 0 . 0 1 6 C. 031 0 . 0 4 3 - 0 . 0 2 2 0 . 0 5 7 0 . 0 8 7 - 0 . 0 5 4 - 0 . 0 3 7
UNIT2 0 . 0 1 9 0 . 0 5 7 0 . 0 8 2 - 0 . 0 0 4 0 .  107 0 .  147 0 . 0 0 2 - 0 . 0 3 6
UNIT3 0 .  0 6 0 - 0 . 0 2 5 0 . 0 0 5 - 0 . 0 6 7 - 0 . 0 2 1 0 .  06  1 0 .  0 2 0 - 0 . 0 1 7
UNIT4 0 .  C57 0 . 0 2 2 0 .  0 2 4 - 0 . 0 6 3 0 . 0  16 0 . 1 0 4 - 0 . 0 0 3 - 0 . 0 5 6
FINAL - 0 . 0 4 2 0 .  0 5 5 C. 127 - C . 0 1 8 0 .  150 0 . 1 8 5 0 .  103 - 0 . 0 5 5
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F A C T O R  T H E O R Y  CO HR E L A T I O N  M A T R I X  FOR M A I E S
'AEIATE UN IT 1 UNIT2 UNIT3 UNIT4 FINAL
HSPC 0 .  139 0 .  1 33 0 .  0 8 5 0 . 1 3 0 0 .  2 0 0
HSC A 0 .  308 0 . 2 6 2 0 .  187 0 . 3 0 1 0 . 3 2 0
HSPS 0 . 2 7 3 C . 2 5 9 0 . 2 6 5 0 . 3 4 2 0 .  3 3 9
QSAT 0 .  2 4 0 0.  3 3 7 0 . 1 7 5 C. 2 85 0 . 4 6 2
ALG 0 . 2 3 8 0 .  3 2 2 0 .  1 39 0 . 2 7 1 0 . 5 0 8
TRIG 0 .  165 0 .  1 98 0 .  138 0 . 2 0 8 0 . 3 8 4
SMDP 0 . 0 0  1 - C .  0 3 6 - 0 .  C02 0 . 0 8 1 0 . 0 5 3
SMDN 0 .  0 0 5 - 0 .  0 17 0 .  01 7 0 . 0 4 5 0 . 0 8 1
PUMP 0 .  2 8 4 0.  3 7 2 0 . 2 3 4 0 . 3 5 3 0 .  47 5
PUMN 0 .  2 46 G. 3 3 4 0 . 2 2 8 0 . 3 1 4 0 . 4 3 8
RQMA 0 .  153 0 .  1 33 0 .  0 0 0 0 . 0 2 1 0 . 2 0 3
SQPS 0 . 2 6 4 0 . 3  97 0 . 2 3 2 0 . 4 3 7 0 . 4 6 6
AIKP 0 .  2C7 0 .  2 2 5 0 . 2 5 2 0 . 2 5 4 0 . 4 1 5
AIKN 0 .  2 18 C. 2 59 C . 2 7 4 C . 2 7 7 0 . 4 4 6
CLMP 0 . 1 1 6 C. 2  11 0 .  170 C.  178 0 . 3 2  0
CLMN 0 .  206 0 .  2 5 2 0 . 2 4 7 0 . 2 5 2 0 .  4 4 3
EFMP 0 . 2 2 2 0 . 2 3 9 0 .  2 7 5 0 . 3 1 1 0 .  4 0 3
EFMN 0 .  16 C 0 . 1  68 0 .  3 0 5 0 . 2 8 8 0 . 3 2 5
CRT 0 . 0 1 C 0 . 0 5 9 0 .  122 0 . 1 0 4 0 .  06 8
CR2 0 .  0 7 7 0.  1 35 0 .  1 5 7 0 . 1 6 9 0 .  145
PSVR - 0 . 1 2 3 - 0 . 0 5 4 - C . 0 2 0 - 0 . 1 1 0 - 0 . 0 4 1
GEFT2 0 . 0 3 1 0 .  0 88 0 .  C27 0 . 0  05 0 . 0 0 5
GEFT3 0 . 0 9 0 0 .  147 0 .  122 Q. 1 03 0 . 1 0 0
HPT 1 0 .  012 0 . 0  1 8 0 . C 9 4 0 . C 9 9 - 0 . 0 5 3
HPT2 0 .  0 1 6 0 . 0 1 5 C . C 6 0 0 . 0 5 7 - 0 . 0 4 2
VSAT 0 . 0 3 1 0 . 0 5 7 - 0 . 0 2 5 0 .  022 0 . 0 5 5
NS 1 0 .  0 43 C. 0 8 2 0 . 0 0 5 0 . 0 2 4 0 .  127
NS2 —0 . 0 2 2 - 0 . 0 0 4 - 0 .  C67 - 0 . 0 6 3 - 0 . 0 1 3
DR1 0 . 0 5 7 0 .  1 0 7 - 0 . 0 2 1 0 . 0 1 6 0 .  150
DR2 0 .  CS7 C . 1 4 7 0 . C 6 1 0 . 1 C 4 0 .  189
LCTP - 0 . 0 5 4 0.  0C2 C. C2 0 - 0 . 0 0 3 0 .  103
LCIN - 0 . 0 3 7 - 0 . 0 3 6 - 0 . 0 1 7 - 0 . 0 5 6 - 0 . 0 5 5
0 NIT 1 0 . 2 2 C 0 . 2 3 2 0 . 1 6 6 0 . 2 5 3 0 . 2 9 0
UNIT2 0 . 2 3 2 0 .  2 92 0 .  158 0 . 3  03 0 . 3 5 9
UNIT3 0 .  166 0 .  1 98 0 .  2 3 3 0 . 2 7 9 0 . 2 7 0
UNIT 4 0 . 2 5 3 0.  3 C3 0 . 2 7 9 0 . 3 5 3 0 .  3 9 7
FINAL 0 .  29 C C. 3 59 C . 2 7 0 C . 3 9 7 0 . 5 2 0
Table 22. Matrices o f fac to r-sco ring  c o e ffic ie n ts
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FACTCR—SCOPING COEFFICIENTS FOR FEMALES 
VARIATE AE PCP PAMF PAM FAP ALH SA F I / F D  FC
HSPC 0 . 3 5 2 - - 0 .  0 9 7 C . 0 1 7 - 0 .  1 4 5 - 0 . 0 2 3 0 .  0 6 8 0 .  081 0 ,  031 0 . 0 0 8
HSC A 0 . 5 6  8-■0. 1 57 0 .  02 8 - 0 .  2 3 4 - 0 .  0 3 7 0 .  109 0 .  130 0 .  051 0 . 0 1 3
HSPS 0 .  4 7 5 - - C . 1 3 1 0 .  02 3 - 0 .  1 9 6 - 0 .  031 0 .  091 0 . 1 C 9 0 .  042 0 . 0 1  1
QSAT O.GCO 0 . 3 7  8 - G . 0 0 5 - 0 . C 9 5 - C.  1 2 7 0 .  0 4 8 - 0 .  128 0 .  114 0 . 0 1 2
ALG 0 . 0 0 0 0 . 6 3 4 - 0 . 0 0 8 - 0 ,  1 6 0 - 0 . 2 1 3 0 . 0 8 1 - 0 . 2 1 4 0 .  191 0 . 0 2 0
TRIG 0 .  0 0 0 0 . 3 2 2 - 0 . 0 0 4 - 0 .  0 8 1 - 0 .  108 0 .  0 4 1 - 0 .  i c -s 0 . C 9 7 0 . 0 1 0
SMDP o . c o o 0 . 0 0  0 - C.  945 0.  08  0 - 0 . 0 9 1 - •0 .  2 6 1 - 0 .  0 5 2 0 .  1 04 0 . 0 2 0
SMDN o . c c c 0 . 0 0 0 1 .  16 5- 0 .  C99 0 .  1 12 0 . 3 2 2 0 . 0 6 4 - • 0 . 1 2 8 - • 0 . 0 2 5
PUMP 0 . 0 0 0 0 . 0 0 0 C . 0 0 0 1 . 0  4 0 - 0 .  2 5 3 0 .  1 7 5 0 . 0 6 7 - • 0 . 2 7 0 0 . 0 1 5
PTJMN 0 . o o c 0 . 0 0 0 0 .  0 0 0 0 .  1 3 7 - 0 .  0 33 0 .  0 2 3 0 . C C 9 - • 0 . 0 3 6 0 . 0 0 2
RQMA o . c c c 0 .  0 0 0 C .  CO 0 0 .  0 0 0 0 .  2 0 7 0 .  0 3 3 0 . 0 2 1 - • 0 . 0 4 6 0 = 0 1 8
RQPS 0 .  0 0 0 0 . 0 0 0 0 .  0 00 0 . 0 0 0 1. 0 4 6 0 .  1 68 0 . 1 0 8 —• 0 . 2 3 2 0 . 0 8 9
AIKP 0 .  0 0 0 0 . 0 0 0 0 .  0 0 0 0.  0 0 0 C . 0 0 0 - •1 .  0 0 2 0 .  0 6 3 0 . 2 6 7 - 0 . 0 0 5
AIKN o . c c c c . o o c c . o o o 0 .  0 0 0 0 . 0 0 0 - • 0 . 2 5 3 0 .  0 1 6 0 . 0 6 8 - • 0 . 0 0 1
CLMP 0 . 0 0 0 0 . 0 0 0 c . o o c 0 .  0 0 0 0 .  0 0 0 0 .  1 9 8 - 0 . 0 1 2 - ■0. 0 5 3 0 . 0 0 1
CLMN 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 .  0 0 0 c .  0 0 0 0 . 3 2 9 - 0 . 0 2  1-•0.  0 8 8 0 .  0 0 2
EFMP 0 .  c o c 0 . 0 0 0 c .  0 0 0 0 .  0 0 0 c .  0 0 0 0 . 0 1 9 - ■0. 0 C 1 - •0.  C05 0 . 0 0 0
EFMN o . c o o 0 . 0 0 0 c .  c o c 0 .  c c o 0 . 0 0 0 - ■0. 398 0 . 0 2 5 0 . 1 0 6 - • 0 . 0 0 2
CR 1 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0.  0 0 0 C. 0 0 0 0 .  0 0 0 0 . 7 2 3 0 .  1 3 9 0 . 3 0 1
CR2 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 .  0 0 0 0 .  0 0 0 0 .  0 0 0 0 .  3 9 3 0 .  0 7 5 0 . 1 6 4
PSVR o . c o c 0 . 0 0  c c . o o o 0 .  OOG C. 0 0 0 0 . 0 0 0 0 . 0 5 0 0 . 0 0 9 0 . 0 2 1
GEFT2 o . c o o 0 . 0 0 0 0 .  00 0 0.  0 0 0 0 .  0 0 0 0 .  0 0 0 0 . 0 0 0 - •0. 8 9 1 0 .  1 58
GEFT3 0 . 0 0 0 0 . 0 0 0 C.  0 0 0 0.  0 0 0 0 .  oo-o 0 .  0 0 0 0 . CCO- 0 . 3 2 1 0 . 0 5 7
HPT1 o . c o c 0 . 0 0 0 c . o o o 0 . o o c c . o o o 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 - 0 . 5 1  9
HPT2 o . c o o 0 . 0 0 0 0 .  0 0 0 0 .  0 0 0 0 .  0 00 0 .  0 0 0 0 .  0 0 0 0 . 0 0 0 - 0 . 7 1 4
VSAT 0 . 0 0 0 0 . 0 0 0 c . o o o 0 .  0 0 0 0 .  0 0 0 0 .  0 0 0 O.CCC 0 .  0 00 0 . 0 0 0
NS1 0  . c c c 0 . 0 0 0 c . o o o o . c c c 0 .  0 0 0 0 .  0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 0 0
NS2 o . c c c o . o o c c . o o c 0 . 0 0 0 0 .  0 0 0 0 .  0 0 0 0 . o c o 0 . 0 0 0 0 . 0 0 0
DR 1 0 . c o o 0 . 0 0 0 c . o o o 0 .  0 0 0 0 .  0 0 0 0 .  0 0 0 o . o c o 0 .  GOC 0 . 0 0 0
ER2 0 . o o c o . o o c c . c o c o . o o c 0 . 0 0 0 0 . 0 0 0 o .  o c o 0 .  0 0 0 0 . 0 0 0
LCI P o . c c c o . o o c c . o o o 0 . 0 0 0 C. 0 0 0 0 .  0 0 0 O.OCO 0 . 0 0 0 0 . 0 0 0
LCIN 0 . 0 0 0 0 . 0 0 0 c . o o o 0.  0 0 0 0 .  0 0 0 0 . c o o O.COO 0.  0 0 0 0 . 0 0 0
UNIT1 0 . c o c 0 . 0 0 0 c . o o o 0.  0 0 0 0 . c o o 0 .  COO O.OCO 0.  0 0 0 0 . 0 0 0
UNIT2 o . c c c c . o o o o . c o o 0 .  0 0 0 0 .  0 0 0 0 . 0 0 0 O.OCO 0 . 0 0 0 0 . 0 0 0
UNIT3 0 . 0 0 0 0 . 0 0 0 0 .  00 0 0 .  0 0 0 0 .  0 0 0 0 .  000 0 .  0 0 0 0 .  0 0 0 0 . 0 0 0
UNIT4 o . c o c 0 . 0 0 0 0 .  0 0 0 0.  0 0 0 0 . c o o 0 .  0 0 0 O.OCO 0 .  0 0 0 0 . 0 0 0
FINAL o . c c c c . o o c c .  c o o 0 . 0 0 0 0 .  COO 0 .  0 0 0 o . o c o 0 .  0 0 0 0 . 0 0 0
F A C T C R - S C O B T N G  C O E F F I C I E N T S  FOP. H A L E S
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AE PCP PAMF POM FAP ALH SA F I / F D  FC
0. C66-•0.03 4 C. C08- 0. 015- 0. 007- 0. 004 0 .  coo 0.  000 0.018
0. 652-•0.330 C. 07 5- 0. 14 3- G. C7C- 0. 039 0. 0C2- ■0.003 C. 170
0.5 83-■C.30C C.C6 8- 0. 130- 0. 064- 0. 0,36 0. 0C2- •0. 003 0.155
O.COO 0.4 41- c .  01 8- 0. 156- ■C.001- •0.046 0. 079-•0,0 8 5- 0,118
O.COO 0. 570- C. 02 4- 0. 201- ■0. 002-•C. 059 0. 1C2-•0. 110- 0.  152
0.000 0. 417-•C. 01 7- 0. 14 7- 0. 001- 0.043 0. 075- •0. 081- 0.111
O.OCO 0.000 C . 77C- 0.097 C . 006- ■0. 028- 0. 146 0. 030 0.055
o . c c c 0.000 0 . 358- 0. 045 0. 00.3- 0. 013- •0. 068 0.014 0.026
0.000 0.000 c . o o c 0. 649- 0. 060- 0.  460 0. C7 C-■0.078 0,116
o . c o o 0.000 0. 000 0. 548- 0. 051- 0.389 0. C59- •0. 066 0.098
o . c c c c . o o c c . c o o 0. 000- C . 818- 0. 132- •0. 044-•0. 032-•0.034
o . c o o 0.000 c .  000 0. 000 n.  977 0. 158 0. 05 3 0.039 0.041
o . o c o 0.000 C.OOO 0. 000 0. 000 0. 295- •0. C 15 0. 061- 0.015
o . c c c o . o o c C.COO 0. 000 0.  000 0. 423- •0.027 0. 087- •0.022
o . o o c 0.000 C.COO 0.  coo C . 000- •0.564 0.  03 6—0. 116 0.029
o . o o c 0.000 0.000 0. 000 C. 000 0. 426- 0.027 0.  088- 0.022
o . c c c 0.000 c . c o o 0. 000 0.  000 0.  16 5- 0. 01C 0.  034- ■0.008
o . o o c 0. 000 c .  c oc 0.000 0.  000 0.66 2- 0.042 0.  136- •0.034
o . c c o 0.000 0.000 0. 000 0. 000 0. 000- 0. 366- ■0.  1 98 0.056
o . c o o 0.000 C. 000 0. 000 0. 000 0. 000- 0. 1C4- 0. 056 0.016
o . c o o 0.000 c .  ooc 0.000 0. 000 0. 000- 0.8 6 8- •0. 469 0.134
o . c o o 0.000 0.000 0. 000 0. 000 0. COO 0.000 0.541 0. 123
0 .  coo 0.000 c . c o o 0. 000 0. 000 0. 000 O.OCO 0.807 0.184
o . c o c 0.000 c . o o c 0.  c oc 0.000 0.000 0.000 0. 000- 1.278
0 .  coo 0.000 0.000 0. 000 0. 000 0. 00 0 O.CCO 0.000 0.247
0. 000 0.000 c . o o o 0. 000 0. 000 0. 000 O.CCC O.OCO 0.000
o . c c c o . o o c c . o o c 0.000 0. 000 0.00 0 0.000 0. 000 0.000
c .  c c c o . o o c c . o o c 0.0 00 0 .  coo 0. 000 o . o c o 0.000 0.000
o . o c o 0.000 C. 00 0 0. 000 0. 000 0. 000 0.  oc o C.COO 0.000
o . c c o 0.000 c .  c oc 0.  ooc G. 000 0.000 0 .  o c o 0. 000 0.000
o . c c c 0.000 c . c o o o . c o o C. 000 0.  000 0. 0G0 0.000 0.000
0.000 o . o o c c . o o c 0. 000 C. 000 0. 000 o . o c o 0.  000 0.000
0 .  c oc 0.000 0.000 0. 000 0. 000 0 .  coo o . o c o o . o o c c . o o o
o . c c c o . o o c c . o o c 0. 000 0. 000 0.000 c . c c c 0.000 0.000
o . c o o 0.000 0. 000 0.  c oo 0. 000 0. 000 0.000 0.  000 0.000
o . c c o 0.000 0. 000 0. 000 0.  COO 0. 000 o . o c o 0. 000 0.000
o . c c c o . o o c c . c o o 0.  ooc C. 000 0.  000 o . o c o 0.000 0.000
F i g u r e s  1 - 6 :  Reduced p a t h  d i a g ra ms  f o r  f a c t o r s  AE, PCP,  and FAP
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F i g u r e s  7 - 12 :  Reduced p a t h  d i a g ra ms  f o r  f a c t o r s  PAMF, PUM, and ALM






,42 =*j ALG ALG
TRIG
202
FEMALES F i g . . .  8 MALES
. 95- . 2 8.92
PAMF





. 84.88. 08 .28PUMP PUMP
. 60 .33. 83PUMN PUMN
. 26 .67RQMA ROMA
. 16 .56RQPS ROPS
203
FEMALES F i g .  9 MALES
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F i g u r e s  1 3 - 1 8 :  Reduced p a t h  d i a g r a ms  f o r  f a c t o r s  SA, FI /FD,  and FC
FEMALES F i g .  13 MALES
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Ind ica tions  o f goo dn ess-o f-fit fo r  the models
In  t h i s  f i n a l  s e c t i o n  we r e p o r t  t h e  s t a t i s t i c a l  e v i d e n c e  f o r  t h e  
g o o d n e s s - o f - f i t  o f  t h e  model f o r  f e m a l e s  and t h e  model f o r  m a l e s .  The 
d e s c r i p t i v e  s t a t i s t i c s  o f  i n t e r e s t  h e r e  a r e :
1) SSQ = sum o f  s q u a r e d  r e s i d u a l  c o r r e l a t i o n s
= t t r ( r f j ) ,  where  t t r  i s  sum o f  e n t r i e s  above  t h e  
main d i a g o n a l  o f  t h e  m a t r i x  o f  s q u a r e d  r e s i d u a l s
2)  RMSQ = r o o t  mean s q u a r e  o f  t h e  r e s i d u a l  c o r r e l a t i o n s
= Y 2 S S Q / ( p ( p  + 1 ) )  , where  p i s  number  o f  v a r i a t e s  
3)  p r i n c i p a l  component s  o f  t h e  r e s i d u a l  c o r r e l a t i o n  m a t r i x .
In  T a b l e  23 be l ow,  n d e n o t e s  t h e  number  o f  f a c t o r s ,  and we r e p o r t  
t h e  p e r c e n t a g e  o f  common v a r i a n c e  a c c o u n t e d  f o r  in  t h e  r e s i d u a l  
c o r r e l a t i o n  m a t r i x  by t h e  f i r s t  t h r e e  p r i n c i p a l  component s  ( a b b r e v i a t e d  
as  P . C . ) .
T a b l e  23.  G o o d n e s s - o f - f i t  i n f o r m a t i o n  f o r  t h e  model s
7. o f  common v a r i a n c e  by 
model p _n_ SSQ RMSQ P .C.  1 P.C.  2 P .C.  3
f e m a l e s  37 9 6 . 8 7 4  0 . 0 9 9  7.97.  7.27.  6.17.
ma l e s  37 9 5 . 0 32  0 . 0 8 5  7.37.  6.47.  5.57.
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I t  i s  p o s s i b l e  t h a t  a f t e r  m u l t i p l i c a t i o n  by an a p p r o p r i a t e
q u a n t i t y  ( i n v o l v i n g  p ,  n ,  and N = t h e  number i n  s a m p l e ) ,  SSQ m i g h t  have  
a p p r o x i m a t e l y  a c h i - s q u a r e d  d i s t r i b u t i o n .  I f  we a d j u s t  t h e  s t a t i s t i c  
o f  Lawley me n t i o n e d  i n  C h a p t e r  I I  f o r  t h e  number  o f  f a c t o r s  e x t r a c t e d ,  
we o b t a i n :
X z = (N -  1 -  (2p -  2n + 5 ) / 6 ) SSQ
where t h e  number o f  d e g r e e s  o f  f r eedom would be (p -  n ) ( p  -  n -  l ) / 2 .
With N = 62 f o r  f e m a l e s ,  t h i s  c o m p u t a t i o n  y i e l d s  a v a l u e  o f  3 4 9 . 4 3 .
With N = 72 f o r  m a l e s ,  t h i s  c o m p u t a t i o n  y i e l d s  a v a l u e  o f  3 0 6 . 1 1 .  In
b o t h  c a s e s ,  we would have  378 d e g r e e s  o f  f r e e d o m .  We must  e m p h as i z e  
t h a t  t h e s e  v a l u e s  may n o t  have a c h i - s q u a r e d  d i s t r i b u t i o n ,  s i n c e  SSQ i s  
computed f rom r e s i d u a l  c o r r e l a t i o n s  i n s t e a d  o f  o r i g i n a l  c o r r e l a t i o n s .  
However ,  even w i t h o u t  knowledge  o f  i t s  d i s t r i b u t i o n  t h e o r y ,  SSQ and 
RMSQ p r o v i d e  a  d e s c r i p t i v e  s t a t i s t i c  o f  g o o d n e s s - o f - f i t  f o r  o u r  
mo d e l s .  We can s ee  t h a t  t h e  model f o r  ma l e s  f i t s  somewhat  b e t t e r  t h a n  
t h e  model f o r  f e m a l e s .  Whether  t h e  f i t  i s  s i g n i f i c a n t l y  b e t t e r  i s  a 
q u e s t i o n  which mus t  a w a i t  t h e  d e v e l op me n t  o f  a s t a t i s t i c a l  t e s t  f o r  
g o o d n e s s - o f - f i t  o f  mode l s  f i t t e d  u s i n g  FaM.
P e r ha p s  more r e v e a l i n g  i s  t h e  e v i d e n c e  p r o v i d e d  by t h e  p r i n c i p a l  
component  a n a l y s i s  o f  t h e  r e s i d u a l  c o r r e l a t i o n  m a t r i x .  Here we s ee  
t h a t  f o r  bo t h  m o de l s ,  t h e  f i r s t  t h r e e  p r i n c i p a l  component s  a c c o u n t  f o r  
v e r y  l i t t l e  common v a r i a n c e  i n  t h e  r e s i d u a l s .  Th i s  i n d i c a t e s  t h a t  
a d d i t i o n a l  f a c t o r s  a dded  t o  t h e  model would a c c o m p l i s h  l i t t l e  in  
e x p l a i n i n g  t h e  c o v a r i a n c e s  be t ween t h e  v a r i a t e s .
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A c l o s e r  i n s p e c t i o n  o f  t h e s e  p r i n c i p a l  component s  r e v e a l e d  t h a t  
t h e  u n i t  and f i n a l  c a l c u l u s  exams l o a d e d  p r e d o m i n a n t l y  on t h e  f i r s t  
p r i n c i p a l  componen t ,  w h i l e  t h e  v e r b a l  SAT s c o r e  and t h e  l o g i c a l  
r e a s o n i n g  me a s u r e s  l o a d e d  p r e d o m i n a n t l y  on t h e  s econd  p r i n c i p a l  
component  f o r  b o t h  ma l e s  and f e m a l e s .  R e c a l l  t h a t  t h e s e  me a s u r e s  were  
n o t  used as  s p e c i f y i n g  v a r i a t e s  f o r  any f a c t o r .  I t  i s  n o t  s u r p r i s i n g  
t h a t  component s  r e p r e s e n t i n g  t h e s e  me a s u r e s  mi gh t  show up in  t h e  
p r i n c i p a l  component  a n a l y s i s  o f  t h e  r e s i d u a l  c o r r e l a t i o n  m a t r i x  l e f t  
a f t e r  f a c t o r  e x t r a c t i o n .
The smal l  l e f t o v e r  common v a r i a n c e  s h a r e d  by t h e  u n i t  and f i n a l  
c a l c u l u s  exams,  a s  r e p r e s e n t e d  by t h e  f i r s t  p r i n c i p a l  component  o f  t h e  
r e s i d u a l s ,  i s  mos t  l i k e l y  due t o  t h e  s i m p l e  f a c t  t h a t  t h e s e  were exams 
f rom a s i n g l e  c o u r s e .  E x p l o r a t o r y  a n a l y s i s  i n d i c a t e d  t h a t  t h e  v e r b a l  
and l o g i c a l  r e a s o n i n g  me asu r e s  may n o t  be a p p r o p r i a t e  me a s u r e s  t o  
i n c l u d e  in  t h e  mode l s  we were c o n s i d e r i n g .  We would n o t  e x p e c t  o u r  
models  t o  e x p l a i n  t h e  c o v a r i a n c e s  among t h e s e  v a r i a b l e s  v e r y  w e l l .  
Thus ,  some o f  t h e i r  common v a r i a n c e  showed up i n  t h e  s econd  p r i n c i p a l  
component  o f  t h e  r e s i d u a l s ,  which r e p r e s e n t  t h e  c o v a r i a n c e s  t h a t  o u r  
models  d i d  n o t  e x p l a i n .
In  summary,  t h e r e  a p p e a r s  ample  e v i d e n c e  t h a t  t h e  sample  d a t a  
f rom t h e  second s u b s a mp l e  f i t s  o u r  d e v e l o p e d  model s  q u i t e  r e a s o n a b l y .  
With t h e  s t r u c t u r a l  p a r a m e t e r s  f rom t h e s e  model s  f o r  ma l es  and f e m a l e s  
in  hand ,  we can now compare  t h e i r  s t r u c t u r e s .  The c o n c l u s i o n s  and 
i m p l i c a t i o n s  o f  t h i s  c o m p a r i s on  o f  s t r u c t u r a l  model s  a r e  d i s c u s s e d  i n  
t h e  n e x t  c h a p t e r .
CHAPTER VII 
CONCLUSIONS AND IMPLICATIONS OF THE STUDY
We s t a r t e d  o u t  t o  d e v e l o p  c o v a r i a n c e  s t r u c t u r a l  model s  f o r  
measure s  o f  m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n  and me a su r e s  o f  
r e l a t e d  c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s  a t  t h e  l e v e l  o f  c o l l e g e  
c a l c u l u s .  I t  was n e c e s s a r y  t o  d e v e l o p  s e p a r a t e  model s  f o r  ma les  and 
f e m a l e s  b e c a u s e  o f  t h e  s t r o n g  s t a t i s t i c a l  e v i d e n c e  o f  s e x - d i f f e r e n c e s  
in  c o v a r i a n c e  s t r u c t u r e .  In  t h i s  f i n a l  c h a p t e r ,  we d i v i d e  o u r  
d i s c u s s i o n  i n t o  t h r e e  p a r t s :
1) compa r i s on  o f  s t r u c t u r a l  mode l s  f o r  ma l e s  and f e m a l e s ,
2)  i m p l i c a t i o n s  f o r  e d u c a t i o n a l  p o l i c y ,
3) i m p l i c a t i o n s  f o r  f u t u r e  r e s e a r c h .
Compa r i s i on  o f  S t r u c t u r a l  Models f o r  Males  and Females
In g e n e r a l ,  as  c ou l d  be e x p e c t e d ,  s p e c i f y i n g  v a r i a t e s  l oa de d  most  
h e a v i l y  on t h e  f a c t o r s  t h e y  s p e c i f i e d .  In  t e rm s  o f  t h e  c r i t e r i o n  
v a r i a t e  f o r  t h e  mo d e l s ,  t h e  c a l c u l u s  f i n a l  exam,  t h e  two most  i m p o r t a n t  
f a c t o r s  f o r  b o t h  males  and f e m a l e s  were c l e a r l y  a c a demi c  e x p e r i e n c e  and 
p r e c a l c u l u s  p r e p a r a t i o n .  These  two f a c t o r s  made s u b s t a n t i a l  
c o n t r i b u t i o n s  t o  e x p l a i n i n g  t h e  v a r i a n c e s  and c o v a r i a n c e s  among t h e  
h i gh  school  c o u r s e w o r k  m e a s u r e s ,  HSPC, HSCA, and HSPS, a s  we l l  as  t h e  
p r e t e s t  me a s u r e s  ALG and TRIG and t h e  q u a n t i t a t i v e  SAT s c o r e .
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The c o n t r i b u t i o n s  o f  t h e s e  two f a c t o r s  t o  t h e  v a r i a n c e s  and
c o v a r i a n c e s  among t h e  a f f e c t i v e  me a s u r e s  were  more m o d e s t ,  w h i l e  
n e g l i g i b l e  c o n t r i b u t i o n s  were made by them t o  e x p l a i n i n g  t h e  v a r i a n c e s  
and c o v a r i a n c e s  among t h e  c o g n i t i v e  m e a s u r e s .  T h i s  was t r u e  f o r  t h e
models  f o r  b o t h  f e m a l e s  and ma le s .
S i n c e  t h e s e  two f a c t o r s  were e x t r a c t e d  f i r s t  u nd e r  t h e  F a c t o r i a l  
Model ing a l g o r i t h m ,  one s ho u l d  remember  t h a t  t h e  c o n t r i b u t i o n s  o f  a l l  
o t h e r  f a c t o r s  in  t h e  model s  a r e  w i t h  aca de mi c  e x p e r i e n c e  and 
p r e c a l c u l u s  p r e p a r a t i o n  c o n t r o l l e d .  I n  p a r t i c u l a r ,  u n d e r  t h e s e  
c o n d i t i o n s ,  we found t h a t  t h e  r o l e  f u t u r e  aca demi c  p l a n s  p l a y e d  in  
e x p l a i n i n g  v a r i a n c e s  and c o v a r i a n c e s  among t h e  v a r i a t e s  was a l m o s t  
n e g l i g i b l e  f o r  bo t h  s e x e s ,  e x c e p t  f o r  t h e  s p e c i f y i n g  v a r i a t e s  RQMA and 
RQPS. Th i s  f a c t o r  c o n t r i b u t e d  s l i g h t l y  more t o  t h e  v a r i a n c e s  and
c o v a r i a n c e s  among t h e  u n i t  exams and t h e  f i n a l  exam f o r  ma l e s  t h a n  
f e m a l e s ,  and t h e  l o a d i n g s  o f  t h e  a f f e c t i v e  v a r i a t e s  on t h i s  f a c t o r  were  
q u i t e  mode s t  f o r  bo t h  ma l e s  and f e m a l e s .
The most  p ro f o u n d  d i f f e r e n c e s  be t ween  ma l e s  and f e m a l e s  i n  t e r ms  
o f  c o v a r i a n c e  s t r u c t u r e  were found  i n  e x a m i n a t i o n  o f  t h e  a f f e c t i v e  
f a c t o r s .  I n d e e d ,  t h e  e x p l o r a t o r y  a n a l y s i s  u s i n g  t h e  f i r s t  s u b s a mp l e  
i n d i c a t e d  t h a t  w h i l e  a t h r e e - f a c t o r  s t r u c t u r e  a p p e a r e d  a d e q u a t e  f o r  
bo t h  s e x e s ,  t h e  n a t u r e  o f  t h a t  s t r u c t u r e  seemed q u i t e  d i f f e r e n t  f o r
f e m a l e s  and ma l e s .  T h i s  was c o n f i r m e d  by o u r  c o v a r i a n c e  s t r u c t u r a l  
mode l s .
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For  f e m a l e s ,  e a c h  o f  t h e  a f f e c t i v e  v a r i a t e s  l o a d e d  q u i t e  
d i s t i n c t l y  on one  o f  t h e  t h r e e  a f f e c t i v e  f a c t o r s  which  we c a l l e d
p e r c e i v e d  a p p r o p r i a t e n e s s  o f  m a t h e m a t i c s  f o r  f e m a l e s ,  p e r c e i v e d
u s e f u l n e s s  o f  m a t h e m a t i c s ,  and a t t i t u d e  t oward  l e a r n i n g  m a t h e m a t i c s .
The p a t t e r n  o f  l o a d i n g s  a d h e r e d  c l o s e l y  t o  t h e  s p e c i f i c a t i o n  o f  
v a r i a t e s  f o r  each  f a c t o r .  Tha t  i s ,  SMDP and SMDN l o a d e d  mos t  h e a v i l y  
on PAMF, PUMP and PUMN l oa d e d  most  h e a v i l y  on PUM, and t h e  AIKP,  AIKN, 
CLMP, CLMN, EFMP, and EFMN a l l  l oa ded  most  h e a v i l y  on ALM.
For m a l e s ,  a much d i f f e r e n t  p a t t e r n  o f  l o a d i n g s  was e v i d e n t .  
Aga i n ,  t h e  a f f e c t i v e  s p e c i f y i n g  v a r i a t e s  l oa d e d  h e a v i l y  on t h e i r  
r e s p e c t i v e  f a c t o r s ,  b u t  we found  t h a t  t h e  v a r i a t e s  AIKP, AIKN, CLMP, 
CLMN, EFMP, and EFMN a l s o  l oa d e d  h e a v i l y  on t h e  f a c t o r  c a l l e d  p e r c e i v e d  
u s e f u l n e s s  o f  m a t h e m a t i c s .
From t h e s e  m o d e l s ,  i t  a p p e a r s  t h a t  m a l e s '  g e n e r a l  a t t i t u d e  t oward  
l e a r n i n g  m a t h e m a t i c s  i s  g r e a t l y  a c c o u n t e d  f o r  by t h e i r  p e r c e i v e d  
u s e f u l n e s s  o f  m a t h e m a t i c s .  Th i s  i s  n o t  t h e  c a s e  f o r  f e m a l e s ,  however .
For  them,  i t  a p p e a r s  t h a t  t h e i r  p e r c e i v e d  u s e f u l n e s s  o f  m a t h e m a t i c s  has  
l i t t l e  a s s o c i a t i o n  w i t h  t h e i r  a t t i t u d e  t owar d  l e a r n i n g  m a t h e m a t i c s .
As f o r  t h e  c o g n i t i v e  f a c t o r s  i n c l u d e d  i n  o u r  m o d e l s ,  namely 
s p a t i a l  a b i l i t y ,  f i e l d  i n d e p e n d e n c e /  f i e l d  d e p e n d e n c e ,  and f l e x i b i l i t y  
o f  c l o s u r e ,  t h e y  c o n t r i b u t e d  v e r y  l i t t l e  t o  t h e  v a r i a n c e s  and 
c o v a r i a n c e s  o f  any o.f t h e  v a r i a t e s  in  e i t h e r  model e x c e p t  f o r  t h e i r  
s p e c i f y i n g  v a r i a t e s .  There  were some d i f f e r e n c e s  be t wee n  ma l e s  and 
f e m a l e s  w i t h i n  t h i s  s e t  o f  c o g n i t i v e  v a r i a t e s .  For  f e m a l e s ,  t h e  
f l e x i b i l i t y  o f  c l o s u r e  m e a s u r e s ,  HPT1 and HPT2, had mode s t  l o a d i n g s  on
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t h e  s p a t i a l  a b i l i t y  f a c t o r .  On t h e  o t h e r  hand ,  f o r  m a l e s ,  t h e  f i e l d  
i n d e p e n d e n c e /  f i e l d  d e pende nce  m e a s u r e s ,  GEFT2 and GEFT3, had modes t  
l o a d i n g s  on t h e  s p a t i a l  a b i l i t y  f a c t o r ,  and HPT1 and HPT2 had mode s t  
l o a d i n g s  on f i e l d  i n d e p e n d e n c e /  f i e l d  d e p e n d e n c e .  Because  t h e  
w e i g h t i n g s  o f  t h e  s p e c i f y i n g  v a r i a t e s  f o r  t h e  c o g n i t i v e  v a r i a t e s  were 
based  on v e r y  smal l  r e s i d u a l  c o r r e l a t i o n s  w i t h  t h e  c r i t e r i o n  v a r i a t e  
(FINAL),  we would h e s i t a t e  t o  make any p r o f o u n d  c o n c l u s i o n s  a b o u t  t h e s e  
d i f f e r e n c e s .
F i n a l l y ,  we c o n s i d e r  t h o s e  o t h e r  v a r i a t e s  which  were  n o t  used  as  
s p e c i f y i n g  v a r i a t e s  f o r  any f a c t o r s .  These  were  t h e  v e r b a l  and l o g i c a l  
r e a s o n i n g  m e a s u r e s ,  VSAT, NS1, NS2, DR1, and DR2, and t h e  l o c u s  o f  
c o n t r o l  m e a s u r e s ,  LCIP and LCIN. The v e r b a l  and l o g i c a l  r e a s o n i n g  
v a r i a t e s  showed no d i s c e r n i b l e  p a t t e r n  o f  l o a d i n g s  f o r  f e m a l e s ,  w h i l e  
t h e y  l oa d e d  m o d e s t l y  on p r e c a l c u l u s  p r e p a r a t i o n  f o r  m a l e s .  There  was 
no d i s c e r n i b l e  p a t t e r n  t o  t h e  l o a d i n g s  f o r  LCIP and LCIN f o r  e i t h e r  
ma les  o r  f e m a l e s ,  w i t h  v e r y  smal l  l o a d i n g s  on a l l  f a c t o r s .
I t  mus t  be emp h a s i ze d  t h a t  any c o n c l u s i o n s  o r  i m p l i c a t i o n s  t h a t  
we draw f rom t h e s e  a p p a r e n t  sex d i f f e r e n c e s  i n  c o v a r i a n c e  s t r u c t u r e  may 
o n l y  be v a l i d  f o r  t h e  p a r t i c u l a r  p o p u l a t i o n  o b s e r v e d  i n  t h i s  s t u d y —  
c o l l e g e  c a l c u l u s  s t u d e n t s .  I n d e e d ,  t h e s e  c o n c l u s i o n s  may o n l y  be v a l i d  
f o r  c o l l e g e  c a l c u l u s  s t u d e n t s  a t  t h e  U n i v e r s i t y  o f  New Hampshi re  d u r i n g  
t h e  academi c  y e a r  1983-1984 .  A l s o ,  t h e  mode l s  d e v e l o p e d  were b a s ed  on 
sample c o r r e l a t i o n s  o b t a i n e d  by u s i n g  s p e c i f i c  m e a s u r i n g  i n s t r u m e n t s .  
A d i f f e r e n t  c h o i c e  o f  i n s t r u m e n t a t i o n  c o u l d  c o n c e i v a b l y  y i e l d  q u i t e  
d i f f e r e n t  r e s u l t s .
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The d i s t i n c t  a d v a n t a g e  o f  l i n e a r  c o v a r i a n c e  s t r u c t u r a l  mode l s
o v e r  l i n e a r  r e g r e s s i o n  i s  t h a t  t h e  model s  g i v e  us an o v e r a l l  p i c t u r e  o f  
t h e  r e l a t i o n s h i p s  among a l l  t h e  v a r i a b l e s  i n v o l v e d ,  w h i l e  l i n e a r  
r e g r e s s i o n  c o n c e n t r a t e s  on p r e d i c t i o n  o f  a s i n g l e  v a r i a b l e  in  t e rm s  o f  
t h e  r e s t .  The p r a c t i c a l  v a l u e  o f  t h i s  i s  b e s t  r e a l i z e d  in  t e rms  o f  
p o l i c y  d e c i s i o n s  t h a t  mus t  be made in  t h e  e d u c a t i o n a l  a r e n a .  When one
t a k e s  a c t i o n  t o  a l t e r  a  v a r i a b l e ,  t h e r e  can be r e s u l t i n g  c ha nge s  i n
many o t h e r  v a r i a b l e s  which a r e  r e l a t e d  t o  t h e  m a n i p u l a t e d  o n e .  A
g o o d - f i t t i n g  model a l l o w s  us t o  guage  t h e s e  e f f e c t s  in  ways t h a t  l i n e a r  
r e g r e s s i o n  c a n n o t .
Our model s  c o n c e r n ed  t h o s e  v a r i a b l e s  mos t  r e l a t e d  t o  m a t h e m a t i c s  
a c h i e v e m e n t  and p a r t i c i p a t i o n .  S i n c e  t h e  r e l a t i o n s h i p s ,  i . e .  t h e  
c o v a r i a n c e s ,  among t h e s e  v a r i a b l e s  were s t a t i s t i c a l l y  d i f f e r e n t  f o r  
ma les  and f e m a l e s ,  we d e v e l o p e d  s e p a r a t e  mode l s  f o r  ma l e s  and f e m a l e s .  
What a r e  t h e  e d u c a t i o n a l  i m p l i c a t i o n s  o f  t h e  d i f f e r e n c e s  be t ween  t h e  
mode l s?
Not  s u r p r i s i n g l y ,  a c a demi c  e x p e r i e n c e  and p r e p a r a t i o n  a r e  t h e
most  i m p o r t a n t  f a c t o r s  when c o n s i d e r i n g  m a t h e m a t i c s  a c h i e v e m e n t  and
p a r t i c i p a t i o n  f o r  b o t h  ma l e s  and f e m a l e s ,  a t  l e a s t  f o r  t h e s e  s t u d e n t s  
a t  t h e  l e v e l  o f  c o l l e g e  c a l c u l u s .  When aca demi c  e x p e r i e n c e  and 
p r e p a r a t i o n  have been c o n t r o l l e d ,  t h e n  t h e  mos t  p r o f o u nd  d i f f e r e n c e s
be t ween ma les  and f e m a l e s  a r e  found  in  t h e  a f f e c t i v e  domain .
For  m a l e s ,  t h e  mos t  i m p o r t a n t  a f f e c t i v e  f a c t o r  i s  t h e i r  p e r c e i v e d  
u s e f u l n e s s  o f  m a t h e m a t i c s ,  s i n c e  i n  t u r n ,  i t  seems c l o s e l y  r e l a t e d  t o  
t h e i r  a t t i t u d e  t o wa r d  l e a r n i n g  m a t h e m a t i c s  i n  g e n e r a l ,  and t h e i r  
c o n f i d e n c e  and e f f e c t a n c e  m o t i v a t i o n ,  in  p a r t i c u l a r .  For  f e m a l e s ,  t h i s  
p e r c e i v e d  u s e f u l n e s s  o f  m a t h e m a t i c s  seems q u i t e  i n d e p e n d e n t  f ro m t h e i r  
o t h e r  a t t i t u d e s  t o wa r d  l e a r n i n g  m a t h e m a t i c s .  Th i s  i m p l i e s  t h a t  me re ly  
a l e r t i n g  c o l l e g e  women t o  c a r e e r  o p p o r t u n i t i e s  and t h e  v a l u e  o f  
m a t h e m a t i c s  may n o t  n e c e s s a r i l y  a f f e c t  t h e i r  c o n f i d e n c e  in  l e a r n i n g  
m a t h e m a t i c s  o r  t h e i r  g e n e r a l  a t t i t u d e  t o wa r d  l e a r n i n g  m a t h e m a t i c s ,  
w h i l e  f o r  men,  t h e r e  m i g h t  be such an e f f e c t .  I n t e r v e n t i o n  p rograms  
t a r g e t e d  a t  i mp r o v i n g  women' s  a t t i t u d e s  t owar d  m a t h e m a t i c s  would need 
t o  do more t h a n  s i m p l y  i n c r e a s e  a w a r e n e s s  o f  t h e  v a l u e  o f  m a t h e m a t i c s .  
However ,  f o r  b o t h  s e x e s ,  i t  a p p e a r s  t h a t  t h e s e  a f f e c t i v e  f a c t o r s  p l a y  
o n l y  a v e r y  smal l  r o l e  i n  a c t u a l l y  i n f l u e n c i n g  f u t u r e  a c a de mi c  p l a n s ,  
g i v e n  equa l  academi c  e x p e r i e n c e  and p r e p a r a t i o n .
In  summary,  t h e  model s  i n d i c a t e  t h a t  p rograms  d e s i g n e d  t o  
" i mprove"  a t t i t u d e s  t o wa r d  m a t h e m a t i c s ,  even when s u c c e s s f u l ,  s h o u l d  
n o t  be e x p e c t e d  t o  a u t o m a t i c a l l y  improve  m a t h e m a t i c s  a c h i e v e m e n t  o r  
p a r t i c i p a t i o n .
The model s  have  s t r o n g  i m p l i c a t i o n s  f o r  t h e  c o g n i t i v e  v a r i a b l e s ,  
a l s o .  Because  s p a t i a l  a b i l i t y  and f i e l d  i n d e p e n d e n c e /  f i e l d  d e pe nde nc e  
a r e  c o r r e l a t e d  w i t h  m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n ,  a 
m a t h e m a t i c s  e d u c a t o r  m i g h t  be t e mp t e d  t o  d e v i s e  s p e c i a l  p r og r ams  t o  
improve s t u d e n t s '  s p a t i a l  s k i l l s  t h r o u g h  t r a i n i n g ,  o r  t o  match 
i n s t r u c t i o n a l  m a t e r i a l s  t o  c o g n i t i v e  s t y l e .  Such s p a t i a l  s k i l l
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t r a i n i n g  p rograms  c o u l d  be q u i t e  e f f e c t i v e  in  i mp r ov i n g  s p a t i a l  s k i l l ,  
and such i n s t r u c t i o n a l  m a t e r i a l s  c o u l d  be d e v e l o p e d .  But  o u r  model s  
i n d i c a t e  t h a t  we c o u l d  n o t  r e a s o n a b l y  e x p e c t  t h e s e  a c t i o n s  t o  have 
a n y t h i n g  b u t  a m i n i s c u l e  e f f e c t  on c a l c u l u s  a c h i e v e m e n t  f o r  c o l l e g e  
s t u d e n t s  w i t h  equa l  aca demi c  e x p e r i e n c e  and p r e p a r a t i o n .  There  a p p e a r s  
t o  be a d i f f e r e n t  p a t t e r n  t o  t h e  l o a d i n g s  o f  c o g n i t i v e  v a r i a t e s  on 
c o g n i t i v e  f a c t o r s  f o r  ma les  and f e m a l e s .  Th i s  may be o f  g r e a t  i n t e r e s t  
t o  c o g n i t i v e  p s y c h o l o g i s t s ,  b u t  t h e  smal l  i n f l u e n c e s  o f  t h e s e  f a c t o r s  
on c a l c u l u s  a c h i e v e m e n t  make them o n l y  m a r g i n a l l y  o f  i n t e r e s t  t o  t h e  
m a th em a t i c s  e d u c a t o r  c o n c e r n e d  w i t h  impr ov i ng  c a l c u l u s  a c h i e v e m e n t .
In  summary,  t h e  i m p l i c a t i o n s  o f  o u r  models  f o r  e d u c a t i o n a l  p o l i c y  
d e c i s i o n s  a r e  q u i t e  n e g a t i v e  w i t h  r e g a r d s  t o  t h e s e  a f f e c t i v e  and 
c o g n i t i v e  v a r i a b l e s  r e l a t e d  t o  m a t h e m a t i c s  a c h i e v e m e n t  and 
p a r t i c i p a t i o n ,  a t  l e a s t  a t  t h e  l e v e l  o f  c a l c u l u s .  Any p o l i c y  d e c i s i o n  
t o  a l t e r  any o f  t h e s e  c o g n i t i v e  o r  a f f e c t i v e  v a r i a b l e s  f o r  c o l l e g e  
s t u d e n t s  mus t  be made w i t h o u t  any g r e a t  e x p e c t a t i o n s  t h a t  a wo n d e r f u l  
" t r a n s f e r "  e f f e c t  w i l l  be e v i d e n t  i n  m a t h e m a t i c s  a c h i e v e m e n t  a n d / o r  
p a r t i c i p a t i o n .  In  o t h e r  wor ds ,  p r ogr ams  d e s i g n e d  t o  improve  a t t i t u d e s  
o r  s p a t i a l  s k i l l s  s h o u l d  have as  t h e i r  o b j e c t i v e s  t h e  improvement  o f  
a t t i t u d e s  o r  s p a t i a l  s k i l l s ,  and n o t  a h o p e d - f o r  improvement  in 
m a t h e m a t i c s  a c h i e v e m e n t  o r  p a r t i c i p a t i o n .  I f  we r e a l l y  want  t o  improve 
m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n  a t  t h e  c o l l e g e  l e v e l ,  t h e n  we 
s hou l d  f o c u s  on i mpr ov i ng  s t u d e n t s '  a ca demi c  e x p e r i e n c e  and 
m a th e m a t i c a l  p r e p a r a t i o n  a t  t h e  p r e - c o l l e g e  l e v e l .  Th i s  i s  c e r t a i n l y  
n o t  a new i d e a ,  b u t  p e r h a p s  one  we l l  wor t h  e m p h a s i z i n g .
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T h e r e  a r e  two d i r e c t i o n s  which need t o  be p u r s u e d  in  t e r m s  o f
f u t u r e  r e s e a r c h :  1) improvement  and r e v i s i o n  o f  o u r  mo d e l s ,  and
2) d e v e l o p m e n t  o f  s i m i l a r  model s  f o r  o t h e r  p o p u l a t i o n s .
Whi le  o u r  models  f i t  t h e  d a t a  f rom t h e  second  s u b sa mp l e
r e a s o n a b l y  w e l l ,  improvement  o f  t h e s e  model s  i s  c e r t a i n l y  p o s s i b l e  and 
s hou l d  be e n c o u r a g e d .  One p l a c e  t o  s t a r t  would be t h e  d e v e l o p m e n t  o f  
b e t t e r  i n s t r u m e n t a t i o n  f o r  t h e  f a c t o r s .  For  e xampl e ,  o u r  mode l s  
i n d i c a t e  t h a t  academi c  e x p e r i e n c e  and p r e p a r a t i o n  were t h e  mos t
i m p o r t a n t  f a c t o r s  in  i n f l u e n c i n g  c a l c u l u s  a c h i e v e m e n t  f o r  c o l l e g e
s t u d e n t s .  We would l i k e  t o  f o c u s  a t t e n t i o n  on t h e s e  f a c t o r s  i n  any 
s u b s e q u e n t  m o d e l - b u i l d i n g  e f f o r t .  Thus we m i g h t  want  t o  r e f i n e  o u r  
me asu r e s  o f  academi c  e x p e r i e n c e  and p r e p a r a t i o n  in  ways t h a t  b e t t e r  
d i s c r i m i n a t e  be tween i n d i v i d u a l s  t h a n  t h e  s i m p l e  me a s u r e s  t h a t  we 
us ed :  g r a d e  p o i n t s  and p r e t e s t  s c o r e s .
In  t h e  same v e i n ,  we mi gh t  c o n s i d e r  u s i n g  d i f f e r e n t  c r i t e r i o n  
m e a s u r e s .  Pe r h a p s  t h e  me asu r e  o f  a c h i e v e m e n t  i n  a p a r t i c u l a r  c o u r s e ,  
such a s  c a l c u l u s ,  i s  t o o  s p e c i f i c  and s h o r t - s i g h t e d  t o  u s e  a s  a
c r i t e r i o n .  A more w o r t h y  c r i t e r i o n  m i g h t  be t h e  s u c c e s s ,  o r  l a c k  o f  
i t ,  o f  a s t u d e n t  c o m p l e t i n g  a d e g r e e  i n  a t e c h n o l o g i c a l  o r  s c i e n t i f i c  
d i s c i p l i n e .  A l o n g i t u d i n a l  s t u d y  mi gh t  be c a l l e d  f o r  i n  o r d e r  t o
g a t h e r  me a s u r e s  o f  a l l  t h e  r e l e v a n t  v a r i a b l e s  a t  v a r i o u s  t i m e s  t h r o u g h
t h e  c o u r s e  o f  t h e  s t u d e n t ' s  academi c  c a r e e r .
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Our models  a l m o s t  c e r t a i n l y  u n d e r - s p e c i f i e d  t h e  c o g n i t i v e  
f a c t o r s .  There  seems t o  be good e v i d e n c e  t h a t  more t h a n  t h r e e  f a c t o r s  
mi gh t  be n e c e s s a r y  t o  e x p l a i n  c o v a r i a n c e s  among v i s u a l  s k i l l  me a s u r e s  
o f  s p a t i a l  a b i l i t y ,  f i e l d  i n d e p e n d e n c e /  f i e l d  d e p e n d e n c e ,  and 
f l e x i b i l i t y  o f  c l o s u r e .  I t  p r o b a b l y  makes l i t t l e  s e n s e  t o  i n c l u d e  
measure s  o f  such v a r i a t e s  in  a model i f  o u r  goa l  i s  a b e t t e r  
u n d e r s t a n d i n g  o f  m a t h e m a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n  a t  t h e  
c o l l e g e  l e v e l .  But ,  i f  we would s h i f t  o u r  a t t e n t i o n  t o  t h e  " v i s u a l "  
f a c t o r s  t h e m s e l v e s ,  t h e n  we would c e r t a i n l y  want  t o  i n c l u d e  many more 
and v a r i e d  measu re s  o f  s p a t i a i - v i s u a l  s k i l l s ,  f i e l d  i n d e p e n d e n c e /  f i e l d  
d e p e n de n c e ,  and f l e x i b i l i t y  o f  c l o s u r e ,  and p e r h a p s  o t h e r  c o g n i t i v e  
me asu r e s  a s  w e l 1.
Our models  i n d i c a t e  t h a t  t h e r e  a r e  i n d e e d  sex d i f f e r e n c e s  i n  t h e  
c o v a r i a n c e  s t r u c t u r e  o f  t h e s e  m e a s u r e s ,  b u t  t h a t  t h e s e  d i f f e r e n c e s  do 
l i t t l e  t o  e x p l a i n  d i f f e r e n c e s  i n  t h e  c o v a r i a n c e  s t r u c t u r e  o f  
m a th em a t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n  me a su r e s  f o r  e i t h e r  male  o r  
f ema l e  c o l l e g e  c a l c u l u s  s t u d e n t s .  However ,  i t  may be o f  i n t e r e s t  t o  
i n v e s t i g a t e  t h e  sex d i f f e r e n c e s  in  t h e s e  me a s u r e s  f o r  t h e i r  own s a k e ,  
a p a r t  f rom t h e  m a t h e m a t i c s  a c h i e v e m e n t / p a r t i c i p a t i o n  q u e s t i o n .
S i n c e  t h e  mos t  p r o f o u n d  sex d i f f e r e n c e s  in  c o v a r i a n c e  s t r u c t u r e  
were found  in t h e  a f f e c t i v e  m e a s u r e s ,  we c o u l d  c o n c e n t r a t e  more 
a t t e n t i o n  on t h e  a f f e c t i v e  f a c t o r s .  P e r ha p s  c o v a r i a n c e  s t r u c t u r e  
d i f f e r e n c e s  in a c h i e v e m e n t  and p a r t i c i p a t i o n  d i s a p p e a r  when t h e s e  
f a c t o r s  a r e  c o n t r o l l e d .  I f  s o ,  t h e n  i t  may be a p p r o p r i a t e  t o  u t i l i z e
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d i s c r i m i n a n t  a n a l y s i s  o r  some s i m i l a r  p r o c e d u r e  f o r  ma les  and f e m a l e s  
a f t e r  c o n t r o l l i n g  f o r  t h e s e  f a c t o r s .  Th i s  may p r o v i d e  a f u t u r e  u s e  f o r  
t h e  a l g o r i t h m  F a c t o r i a l  Model ing i s  b a s ed  o n ,  s i n c e  t h e  f a c t o r  
e x t r a c t i o n  p r o c e s s  c o n t r o l s  f o r  f a c t o r s  a t  e ac h  s t a g e  o f  t h e  a l g o r i t h m .  
We n o t e  t h a t  t h e  a f f e c t i v e  v a r i a t e s  i n  o u r  model s  had t h e  mos t
w e l l - d e f i n e d  f a c t o r  s t r u c t u r e  o f  any s e t  o f  v a r i a t e s  f o r  b o t h  ma l e s  and 
f e m a l e s .  Th i s  makes a s t r o n g  c a s e  f o r  t h e  use  o f  l a t e n t  v a r i a b l e  
c o v a r i a n c e  s t r u c t u r a l  models  a s  a t o o l  f o r  u n d e r s t a n d i n g  t h e  
r e l a t i o n s h i p s  o f  t h e s e  a f f e c t i v e  me asu r e s  t o  m a t h em a t i c s  a c h i e v e m e n t  
and p a r t i c i p a t i o n .
F u r t h e r  i n v e s t i g a t i o n  o f  how l o c u s  o f  c o n t r o l  f i t s  i n t o  t h e  
scheme o f  t h i n g s  i s  n e e d e d .  In  t h e  p r e s e n t  s t u d y ,  t h e  s c a l e s  d e v e l o p e d  
as  l o c u s  o f  c o n t r o l  m e a s u r e s ,  LCIP and LCIN, were n o t  n e a r l y  as
r e l i a b l e  a s  t h e  o t h e r  a f f e c t i v e  m e a s u r e s .  Our  l o c u s  o f  c o n t r o l  i t e m s  
may have  been  worded i n  v/ays t h a t  were t o o  s p e c i a l i z e d  f o r  t h e  c a l c u l u s  
c o u r s e  a t  UNH. T h i s ,  o f  c o u r s e ,  mi gh t  a d v e r s e l y  a f f e c t  t h e  v a l i d i t y  o f  
t h e s e  s c a l e s  as  l o c u s  o f  c o n t r o l  m e a s u r e s .  The l o c u s  o f  c o n t r o l  
me a su r e s  were  a d m i n i s t e r e d  l a t e  in  t h e  s e m e s t e r ,  u n l i k e  t h e  o t h e r
a f f e c t i v e  me a s u r e s  which were  a d m i n i s t e r e d  q u i t e  e a r l y  in  t h e  s e m e s t e r ,  
and were  t h u s  s u b j e c t  t o  c o u r s e  e f f e c t s  t h a t  t h e  o t h e r  a f f e c t i v e  s c a l e s  
were n o t .  C e r t a i n l y  t h e  o t h e r  a f f e c t i v e  f a c t o r s  made o n l y  v e r y  mode s t  
c o n t r i b u t i o n s  t o  the. c o v a r i a n c e s  among n o n - a f f e c t i v e  v a r i a t e s  i n  o u r  
mode l s .  Locus o f  c o n t r o l ,  however ,  mi gh t  p ro v e  t o  have a g r e a t e r
i n f l u e n c e  on a c h i e v e m e n t  and p a r t i c i p a t i o n  v a r i a t e s .  What i s  ne e de d  i s
226
t h e  d e v e l opmen t  o f  m u l t i p l e ,  h i g h l y  r e l i a b l e  me a s u r e s  o f  l o c u s  o f  
c o n t r o l  f o r  f u t u r e  e x p l o r a t o r y  work,  w i t h  t h e  goal  o f  i n c l u s i o n  o f  t h i s  
f a c t o r  i n  f u t u r e  mo de l s .
The v e r b a l  and l o g i c a l  r e a s o n i n g  me a s u r e s  d i d  n o t  f i t  w e l l  i n  o u r  
mode l s .  Th i s  may be due t o  t h e  c a l c u l u s  c o u r s e ' s  e m p h a s i s  on 
c o m p u t a t i o n a l  me t h o d s .  For  many o f  t h e  s t u d e n t s  i n  t h e  c o u r s e ,
c a l c u l u s  was t h e  o n l y  r e q u i r e d  m a t h e m a t i c s  c o u r s e  f o r  t h e i r  a c a d e mi c
m a j o r .  I t  would be i n t e r e s t i n g  t o  s ee  i f  v e r b a l  and l o g i c a l  r e a s o n i n g  
f a c t o r s ,  a s  wel l  a s  t h e  c o g n i t i v e  and a f f e c t i v e  f a c t o r s ,  m i g h t
c o n t r i b u t e  more in  mode l s  f o r  a c h i e v e m e n t  and p a r t i c i p a t i o n  a t  o t h e r  
l e v e l s  o f  m a t h e m a t i c s .
At  l e v e l s  o f  m a t h e m a t i c s  beyond t h e  c a l c u l u s ,  such  a s  a b s t r a c t  
a l g e b r a ,  a n a l y s i s ,  o r  t o p o l o g y ,  one  m i g h t  e x p e c t  v e r b a l  and l o g i c a l  
r e a s o n i n g  a b i l i t i e s  t o  p l a y  a g r e a t e r  r o l e ,  s i n c e  t h e  e m p h a s i s  s h i f t s
f rom c o m p u t a t i on  t o  f o r ma l  w r i t t e n  p r o o f .  Sampl ing  would  be f r o m a 
q u i t e  s m a l l e r  p o p u l a t i o n  t h a n  t h a t  c o m p r i s ed  o f  c o l l e g e  c a l c u l u s  
s t u d e n t s .  Compar i son  o f  such a model w i t h  t h e  mode l s  we d e v e l o p e d  
mi gh t  wel l  g i v e  some i n s i g h t  i n t o  what  a r e  t h e  mos t  i m p o r t a n t  f a c t o r s  
i n  d e t e r m i n i n g  t h e  d e c i s i o n  t o  ma j o r  i n  m a t h e m a t i c s .
At l e v e l s  p r e c e d i n g  c a l c u l u s ,  a t  t h e  s e c o n d a r y  l e v e l  o r  even  t h e  
e l e m e n t a r y  l e v e l ,  mode l s  d e v e l o p e d  f o r  m a t h e m a t i c s  a c h i e v e m e n t  and 
p a r t i c i p a t i o n  m i g h t  r e v e a l  a g r e a t e r  i n f l u e n c e  o f  a f f e c t i v e  and 
c o g n i t i v e  f a c t o r s  t h a n  we found  i n  o u r  mode l s .  P e r h a p s  a t t i t u d e s  
t oward  m a t h e m a t i c s  a r e  mos t  i m p o r t a n t  when d i f f e r e n t i a l  a c a d e mi c  
p a r t i c i p a t i o n  be t ween  t h e  s ex es  i s  f i r s t  p o s s i b l e —  n i n t h  o r  t e n t h
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g r a d e .  P e r h a p s  s p a t i a l  a b i l i t y  i s  n o t  an i m p o r t a n t  f a c t o r  f o r  c a l c u l u s  
a c h i e v e m e n t ,  b u t  i t  may be f o r  h i gh  school  g e o m e t r y .  Such 
c o n s i d e r a t i o n s  s u g g e s t  t h a t  s e p a r a t e  model s  be d e v e l o p e d  f o r  
p o p u l a t i o n s  a t  v a r i o u s  l e v e l s  o f  m a t h e m a t i c a l  t r a i n i n g .
One a l s o  c ou l d  a r g u e  t h a t  c o l l e g e  c a l c u l u s  s t u d e n t s  f o r m t o o  
s e l e c t  a p o p u l a t i o n  f o r  s t u d y i n g  sex d i f f e r e n c e s  i n  p a r t i c i p a t i o n ,  
s i n c e  a l l  o f  t h e  s t u d e n t s  a r e  a l r e a d y  p a r t i c i p a t i n g  a t  a l e v e l  o f  
m a t h e ma t i c s  g r e a t e r  t h a n  most  p e o p l e  a t  t h i s  ag e .  We f e l t  t h a t  t h i s  
p o p u l a t i o n  was wor thy  o f  p a r t i c u l a r  i n t e r e s t ,  s i n c e  t h e s e  s t u d e n t s  
s t i l l  had t h e  f u l l e s t  r ange  o f  academi c  c h o i c e s  s t i l l  a v a i l a b l e  t o  
them.  However ,  i t  would be h e l p f u l  t o  have model s  f o r  m a t h e m a t i c s  
a c h i e v e m e n t  and p a r t i c i p a t i o n  f o r  n o n - c a l c u l u s  s t u d e n t s .
We would s u g g e s t  f u t u r e  m o d e l - b u i l d i n g  e f f o r t s  w i t h  c a l c u l u s  
a c h i e v e m e n t  and f u t u r e  m a t h e ma t i c s  p a r t i c i p a t i o n  i n  mind s h o u l d  
c o n c e n t r a t e  on me asu r e s  o f  a c a demi c  e x p e r i e n c e ,  a c a d e mi c  p r e p a r a t i o n ,  
academi c  p l a n s ,  and a f f e c t i v e  v a r i a b l e s .  In  p a r t i c u l a r ,  e f f o r t s  s h o u l d  
be made t o  i n c l u d e  m u l t i p l e  r e l i a b l e  and v a l i d  m e a s u r e s  o f  l o c u s  o f  
c o n t r o l  i n  f u t u r e  e x p l o r a t o r y  work ,  s o  t h a t  t h e  e f f e c t s  o f  t h i s  
p o t e n t i a l l y  i m p o r t a n t  a f f e c t i v e  f a c t o r  can be guaged a c c u r a t e l y .
In t e rms  o f  t h e  me t hodo l ogy  i t s e l f ,  F a c t o r i a l  Mode l i ng  a p p e a r s  t o  
p r o v i d e  a p r a c t i c a l  t o o l  f o r  t h e  e d u c a t i o n a l  r e s e a r c h e r  wor k i ng  i n  t h e  
m u l t i v a r i a t e  o b s e r v a t i o n a l  s e t t i n g .  One a r e a  o f  neede d  r e s e a r c h  
c o n c e r n i n g  FaM i s  t h e  deve l op me n t  o f  a s t a t i s t i c a l  g o o d n e s s - o f - f i t  t e s t  
f o r  model s  f i t t e d  by FaM. Such work mi gh t  e v e n t u a l l y  l e a d  t o  t h e  
d e ve l opme n t  o f  s t a t i s t i c a l  t e s t s  o f  e q u a l i t y  be t ween p a r a m e t e r s  i n  t h e
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same model o r  d i f f e r e n t  mode l s .  For e xampl e ,  i t  would have  been  o f  
g r e a t  i n t e r e s t  i n  t h i s  s t u d y  t o  s t a t i s t i c a l l y  compare  f a c t o r  l o a d i n g s  
p a i r w i s e  between t h e  model s  f o r  males  and f e m a l e s .  More i n v e s t i g a t i o n  
r e g a r d i n g  t h e  use  o f  a l t e r n a t i v e  w e i g h t i n g  schemes  f o r  s p e c i f y i n g  
v a r i a t e s  o f  f a c t o r s  i s  a n o t h e r  a r e a  which m i g h t  y i e l d  f r u i t f u l  r e s u l t s .
In summary,  f u t u r e  r e s e a r c h  i s  needed n o t  o n l y  t o  i mprove  on t h e  
models  d e v e l o p e d  in o u r  s t u d y ,  b u t  a l s o  t o  d e v e l o p  mode l s  f o r  o t h e r  
p o p u l a t i o n s  f o r  c o m p ar i s o n .  With a c o l l e c t i o n  o f  g o o d - f i t t i n g  model s  
a t  o u r  d i s p o s a l ,  we can make more i n t e l l i g e n t  s t a t e m e n t s  r e g a r d i n g  n o t  
o n l y  which f a c t o r s  a r e  mos t  i m p o r t a n t  i n  t e r m s  o f  m a t h e m a t i c s  
a c h i e v em e n t  and p a r t i c i p a t i o n ,  b u t  a l s o  f o r  whom t h e s e  f a c t o r s  a r e  
i m p o r t a n t ,  and when t h e s e  f a c t o r s  e x e r t  t h e i r  g r e a t e s t  i n f l u e n c e .
As o u r  i n i t i a l  mode l s  become more r e f i n e d  and c o m p l e t e  t h r o u g h  
t h e s e  r e v i s i o n  e f f o r t s ,  we may s u b j e c t  them t o  even  c l o s e r  s c r u t i n y  and 
more s t r i n g e n t  f i t t i n g  r e q u i r e m e n t s  by u s i n g  t h e  s t r o n g e r  and  more 
c o m p l i c a t e d  p r o c e d u r e s  o f  LISREL. In t h i s  way,  we can p r o v i d e  s t r o n g e r  
e v i d e n c e  f o r  t h e  p l a u s i b i l i t y  ( o r  i m p l a u s i b i 1i t y )  o f  t h e s e  mode l s  f o r  
t h e  c o v a r i a n c e  s t r u c t u r e  o f  v a r i a b l e s  r e l a t e d  t o  m a t h e m a t i c s  
a c h i e v e m e n t  and p a r t i c i p a t i o n .
The t e c h n i q u e  o f  F a c t o r i a l  Model ing  i t s e l f  w a r r a n t s  f u r t h e r  
i n v e s t i g a t i o n .  Thi s  t o o l  s e r v e d  t h e  p u r p o s e s  o f  t h e  p r e s e n t  s t u d y  
q u i t e  w e l l .  Improvements  and e x t e n s i o n s  o f  t h e  me thod ,  a s  w e l l  as  t h e  
d e ve l opme n t  o f  s t a t i s t i c a l  g o o d n e s s - o f - f i t  t e s t s  f o r  FaM would be wel l  
wor th  p u r s u i n g .
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Concluding Remarks and Summary
In t h i s  s t u d y ,  o u r  app r oac h  t o  t h e  i n v e s t i g a t i o n  o f  i n d i v i d u a l
and sex d i f f e r e n c e s  i n  ma t h e ma t i c s  a c h i e v e m e n t  and p a r t i c i p a t i o n
c e n t e r e d  on p o s s i b l e  sex d i f f e r e n c e s  in  c o v a r i a n c e  s t r u c t u r e  f o r  
me asu r e s  r e p r e s e n t i n g  a c h i e v e m e n t ,  p a r t i c i p a t i o n ,  and r e l a t e d  c o g n i t i v e  
and a f f e c t i v e  v a r i a b l e s .  Us ing a sample  o f  c o l l e g e  c a l c u l u s  s t u d e n t s ,  
we found s i g n i f i c a n t  d i f f e r e n c e s  in t h e  v a r i a n c e - c o v a r i a n c e  m a t r i c e s  
f o r  ma les  and f e m a l e s .  Thi s  l ed  us t o  d e v e l o p  s e p a r a t e  c o v a r i a n c e
s t r u c t u r a l  models  f o r  ma les  and f e m a l e s .  We chose  t o  d e v e l o p  model s  
which would a f f o r d  p a r t i c u l a r l y  unambiguous  i n t e r p r e t a t i o n s  o f  t h e  
s o u r c e s  o f  t h e  v a r i a n c e s  and c o v a r i a n c e s  in  t h e  m e a s u r e s .  I n  t h e  
l a n g u a g e  o f  c a u s a l  m o d e l i n g ,  we d e v e l o p e d  o r t h o g o n a l  f a c t o r  m o de l s .
F a c t o r i a l  Mode l i ng  i s  a p a r a m e t e r  e s t i m a t i o n  and c o n f i r m a t o r y  
a n a l y s i s  t e c h n i q u e  f o r  such mode l s .  Us i ng  t h i s  t e c h n i q u e  w i t h  a s econd  
sample  o f  s t u d e n t s ,  we found t h a t  o u r  d e v e l o p e d  models  f i t  r e a s o n a b l y
wel l  f o r  b o t h  ma les  and f e m a l e s .  Th i s  a l l o w e d  us t o  use  t h e s e  model s  
t o  compare ma les  and f e m a l e s  f o r  d i f f e r e n c e s  i n  c o v a r i a n c e  s t r u c t u r e .
We found  t h a t  f o r  bo th  male  and f e m a l e  c a l c u l u s  s t u d e n t s ,  
academi c  e x p e r i e n c e  and p r e c a l c u l u s  p r e p a r a t i o n  were c l e a r l y  t h e  mos t  
i m p o r t a n t  f a c t o r s  i n  e x p l a i n i n g  v a r i a n c e  i n  c a l c u l u s  a c h i e v e m e n t .  
A f f e c t i v e  and c o g n i t i v e  f a c t o r s  made l i t t l e  c o n t r i b u t i o n  t o  e x p l a i n i n g  
v a r i a n c e  in c a l c u l u s  a c h i e v e m e n t .
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In t e rms  o f  t h e  c o v a r i a n c e  s t r u c t u r e  o f  t h e  a f f e c t i v e  and 
c o g n i t i v e  v a r i a t e s  t h e m s e l v e s ,  we found e v i d e n c e  o f  a d e f i n i t e  sex 
d i f f e r e n c e  i n  t h e  c o v a r i a n c e  s t r u c t u r e  o f  t h e  a f f e c t i v e  v a r i a t e s ,  and 
s l i g h t  d i f f e r e n c e s  in  t h e  c o v a r i a n c e  s t r u c t u r e  o f  t h e  c o g n i t i v e  
v a r i a t e s .
The e d u c a t i o n a l  p o l i c y  i m p l i c a t i o n s  o f  t h i s  s t u d y  a r e  t h a t  
a t t e m p t s  t o  a l t e r  a f f e c t i v e  o r  c o g n i t i v e  v a r i a b l e s  a t  t h e  l e v e l  o f  
c o l l e g e  c a l c u l u s  s h o u l d  n o t  be e x p e c t e d  t o  r e s u l t  in  s i g n i f i c a n t  
changes  i n  m a t h e m a t i c s  a c h i e v e m e n t  o r  p a r t i c i p a t i o n .  Such a t t e m p t s  
s hou l d  be u n d e r t a k e n  w i t h  t h i s  u n d e r s t a n d i n g .  We e m p ha s i z e  t h a t  t h e s e  
c o n c l u s i o n s  may o n l y  be v a l i d  f o r  t h e  p o p u l a t i o n  a t  ha n d ,  c o l l e g e  
c a l c u l u s  s t u d e n t s .
F u t u r e  r e s e a r c h  and work i s  needed t o  i mprove  on t h e  model s  
d e v e l op e d  i n  t h i s  s t u d y ,  and t o  d e v e l o p  s i m i l a r  mode l s  f o r  s t u d e n t s  a t  
v a r i o u s  l e v e l s  o f  m a t h e m a t i c s  p a r t i c i p a t i o n ,  f r om e l e m e n t a r y  and 
s e c o n d a r y  l e v e l s  t o  l e v e l s  beyond t h e  c a l c u l u s .  A c o l l e c t i o n  o f  
g o o d - f i t t i n g  c o v a r i a n c e  s t r u c t u r a l  models  a t  v a r i o u s  l e v e l s  would 
p r o v i d e  a f o c u s  f o r  c h a r t i n g  t h e  d e v e l opmen t  o f  d i f f e r e n c e s  in  
c o v a r i a n c e  s t r u c t u r e ,  n o t  o n l y  be t ween males  and f e m a l e s ,  b u t  a l s o  
between academi c  l e v e l s .
We c on c l ud e  by s a y i n g  t h a t  c o v a r i a n c e  s t r u c t u r a l  m o d e l i n g ,  a l o n g  
w i t h  a p a r t i c u l a r  t o o l  o f  t h a t  t r a d e ,  F a c t o r i a l  M o d e l i n g ,  p r o v i d e d  us 
w i t h  a way o f  i n v e s t i g a t i n g  sex d i f f e r e n c e s  in m a t h e m a t i c s  a c h i e v e m e n t  
and p a r t i c i p a t i o n  t h a t  o t h e r  r e s e a r c h e r s  i n v o l v e d  i n  o b s e r v a t i o n a l  
e d u c a t i o n a l  s t u d i e s  s h o u l d  c o n s i d e r .
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In  t h i s  s e c t i o n  o f  t h e  a p pe n d i x  we p r e s e n t  t h e  i t e ms  f rom t h e
v a r i o u s  a f f e c t i v e  s c a l e s  used in  t h i s  s t u d y .  Ten o f  t h e s e  s c a l e s  were  
L i k e r t  s c a l e s  r e p r e s e n t i n g  p o s i t i v e l y  and n e g a t i v e l y  o r i e n t e d  i t e m s
f rom a t t i t u d e  s c a l e s  o f  Aiken (1963)  and Fennema and Sherman ( 1 9 7 6 ) .
The i t ems  f rom t h e s e  s c a l e s  were r e v i s e d  s l i g h t l y  t o  make them more
a p p r o p r i a t e  f o r  col  l e a p  s t u d e n t s .  The L i k e r t  s c a l e s  used  were :
A i k e n ' s  R e v i se d  A t t i t u d e  Toward Ma t hema t i c s  S c a l e  
AIKP— 10 " p o s i t i v e "  i t ems  f rom t h e  s c a l e
AIKN— 10 " n e g a t i v e "  i t ems  f rom t h e  s c a l e
Fennema-Sherman C o n f i d e n c e  in  L e a r n i n g  Ma t hema t i c s  S c a l e  
CLMP— 6 " p o s i t i v e "  i t ems  f rom t h e  s c a l e
CLMN—  6 " n e g a t i v e "  i t ems  f rom t h e  s c a l e
Fennema-Sherman U s e f u l n e s s  o f  Ma t he ma t i c s  S c a l e  
PUMP—  6 " p o s i t i v e "  i t ems  f rom t h e  s c a l e
PUMN—  6 " n e g a t i v e "  i t ems  f rom t h e  s c a l e
Fennema-Sherman Ma t h e m a t i c s  a s  a Male Domain S c a l e  
SMDP— 6 " p o s i t i v e "  i t ems  f rom t h e  s c a l e
SMDN—  6 " n e g a t i v e "  i t ems  f rom t h e  s c a l e
Fennema-Sherman E f f e c t a n c e  M o t i v a t i o n  in Ma t hema t i c s  S c a l e  
EFMP— 6 " p o s i t i v e "  i t ems  f rom t h e  s c a l e
EFMN—  6 " n e g a t i v e "  i t ems  f rom t h e  s c a l e
The s u b j e c t s  were d i r e c t e d  t o  r e s p o n d  t o  t h e  i t e ms  f rom t h e s e  
s c a l e s  u s i n g  t h e  f o l l o w i n g  code:  A) s t r o n g l y  a g r e e  w i t h  t h e  s t a t e m e n t ;
B) a g r e e  w i t h  t h e  s t a t e m e n t ;  C) n e u t r a l  o r  u n d e c i d e d ;  D) d i s a g r e e  w i t h
t h e  s t a t e m e n t ;  E) s t r o n g l y  d i s a g r e e  w i t h  t h e  s t a t e m e n t .
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AIKP
1. Ma t he ma t i c s  i s  v e r y  i n t e r e s t i n g  t o  me, and I e n j o y  a r i t h m e t i c  and 
m a t h em a t i c s  c o u r s e s .
2.  Ma t hema t i c s  i s  f a s c i n a t i n g  and f u n .
3.  Ma t hema t i c s  makes me f e e l  s e c u r e ,  and a t  t h e  same t i me  i t  i s  
s t i m u l a t i n g .
4.  The f e e l i n g  t h a t  I have t oward  m a t h e m a t i c s  i s  a good f e e l i n g .
5.  Ma t hema t i c s  i s  s ome t h i ng  t h a t  I e n j o y  a g r e a t  d e a l .
6.  I r e a l l y  l i k e  m a t h e m a t i c s .
7.  Ma t hema t i c s  i s  a c o u r s e  i n  s choo l  t h a t  I have  a l ways  e n j o y e d  
s t u d y i n g .  -
8.  I am h a p p i e r  in  a m a t h e ma t i c s  c l a s s  t h a n  in  any o t h e r  c l a s s .
9.  I f e e l  a t  e a s e  i n  m a t h e m a t i c s ,  and I l i k e  i t  v e r y  much.
10.  I f e e l  a d e f i n i t e  p o s i t i v e  r e a c t i o n  t oward  m a t h e m a t i c s :  i t ' s
e n j o y a b l e .
AIKN
1. I am a l ways  unde r  a t e r r i b l e  s t r a i n  i n  a m a t h e m a t i c s  c l a s s .
2.  I do n o t  l i k e  m a t h e m a t i c s ,  and i t  s c a r e s  me t o  have  t o  t a k e  i t .
3.  My mind goes  b l a n k  and I am u n a b l e  t o  t h i n k  c l e a r l y  when work ing  
m a t h e m a t i c s .
4.  I f e e l  a s e n s e  o f  i n s e c u r i t y  when a t t e m p t i n g  m a t h e m a t i c s .
5.  Ma t hema t i c s  makes me f e e l  u n c o m f o r t a b l e ,  r e s t l e s s ,  i r r i t a b l e  and 
i m p a t i e n t .
6.  Ma t he ma t i c s  makes me f e e l  as  t h o ug h  I ' m  l o s t  i n  a j u n g l e  o f  numbers  
and c a n ' t  f i n d  my way o u t .
7.  When I h e a r  t h e  word m a t h e m a t i c s ,  I have  a f e e l i n g  o f  d i s l i k e .
8.  I a p p r oa c h  m a t h e m a t i c s  w i t h  a f e e l i n g  o f  h e s i t a t i o n ,  r e s u l t i n g  f rom 
a f e a r  o f  n o t  b e i ng  a b l e  t o  do m a t h e m a t i c s .
9.  I t  makes me ne r vo u s  t o  even t h i n k  a b o u t  h a v i n g  t o  do a m a t he m a t i c s  
p rob l em.
10.  I have n e v e r  l i k e d  m a t h e m a t i c s ,  and i t  i s  my mos t  d r e a d e d  s u b j e c t .
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CLMP
1. G e n e r a l l y  I have f e l t  s e c u r e  a b o u t  a t t e m p t i n g  m a t h e m a t i c s .
2.  I am s u r e  I c ou l d  do advanced  work i n  m a t h e m a t i c s .
3.  I am s u r e  t h a t  I can l e a r n  m a t h e m a t i c s .
4.  I t h i n k  I c ou l d  h a n d l e  more d i f f i c u l t  m a t h e m a t i c s .
5.  I can g e t  good g r a d e s  in  m a t h e m a t i c s .
6.  I have a l o t  o f  s e l f - c o n f i d e n c e  when i t  comes t o  m a t h e m a t i c s .
CLMN
1. I ' m  no good in m a t h e m a t i c s .
2.  I d o n ' t  t h i n k  I c o u l d  do advanced  m a t h e m a t i c s .
3.  I ' m  n o t  t h e  t yp e  t o  do wel l  i n  m a t h e m a t i c s .
4.  For  some r e a s o n  even,  t hough  I s t u d y ,  m a t h e m a t i c s  seems u n u s u a l l y  
h a r d  f o r  me.
5.  Most  s u b j e c t s  I can h a n d l e  O . K . ,  b u t  I have a knack  f o r  f l u b b i n g  up 
m a t h e m a t i c s .
6.  Ma t he ma t i c s  has  been my w o r s t  s u b j e c t .
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PUMP
1. I ' l l  need m a t h e m a t i c s  f o r  my f u t u r e  work.
2 .  I s t u d y  m a t h e m a t i c s  b e c a u s e  I know how u s e f u l  i t  i s .
3.  Knowing m a t h e m a t i c s  w i l l  h e l p  me e a r n  a l i v i n g .
4.  Ma t hema t i c s  i s  a w o r t h w h i l e  and n e c e s s a r y  s u b j e c t .
5 .  I ' l l  need a f i r m  m a s t e r y  o f  m a t h e m a t i c s  f o r  my f u t u r e  work .
6.  I w i 11 use  m a t h e m a t i c s  in  many ways a f t e r  c o l l e g e .
PUMN
1. Ma t hema t i c s  i s  o f  no r e l e v a n c e  t o  my l i f e .
2.  Ma t hema t i c s  w i l l  n o t  be i m p o r t a n t  t o  me i n  my l i f e ' s  work .
3.  I s ee  m a t h e m a t i c s  as  a s u b j e c t  I w i l l  r a r e l y  use  i n  my d a i l y  l i f e  
a f t e r  c o l l e g e .
4 .  Taking m a t h e ma t i c s  i s  a was t e  o f  t i m e .
5.  In t e rms  o f  my a d u l t  l i f e ,  i t  i s  n o t  i m p o r t a n t  f o r  me t o  do we l l
in  m a t h e m a t i c s  i n  c o l l e g e .
6.  I e x p e c t  t o  have  l i t t l e  use  f o r  m a t h e m a t i c s  when I g e t  o u t  o f  
s c h o o l .
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SMDP
1. Females  a r e  a s  good as  ma les  i n  g e o m e t r y .
2.  S t u d y i n g  m a t h e ma t i c s  i s  j u s t  a s  a p p r o p r i a t e  f o r  women a s  f o r  men.
3.  I would t r u s t  a woman j u s t  a s  much as  I would t r u s t  a man t o  f i g u r e  
o u t  i m p o r t a n t  c a l c u l a t i o n s .
4.  Women can  do j u s t  as  wel l  as  men in  m a t h e m a t i c s .
5.  Males  a r e  n o t  n a t u r a l l y  b e t t e r  t h a n  f e m a l e s  i n  m a t h e m a t i c s .
6.  Women c e r t a i n l y  a r e  l o g i c a l  enough t o  do we l l  in  m a t h e m a t i c s .
SMDN
1. I t ' s  h a r d  t o  b e l i e v e  a f e m a l e  c o u l d  be a g e n i u s  i n  m a t h e m a t i c s .
2.  When a woman has  t o  s o l v e  a m a t h e m a t i c a l  p r ob l e m ,  i t  i s  f e m i n i n e  
t o  a s k  a man f o r  h e l p .
3.  I would have  more f a i t h  i n  t h e  answer  f o r  a  m a t h e m a t i c a l  p r ob l e m 
s o l v e d  by a man t h a n  a  woman.
4.  Women who e n j o y  s t u d y i n g  m a t h e m a t i c s  a r e  a b i t  p e c u l i a r .
5.  M a t h e m a t i c s  i s  f o r  men; a r i t h m e t i c  i s  f o r  women.
6.  I would e x p e c t  a woman m a t h e m a t i c i a n  t o  be a  m a s c u l i n e  t y p e  o f  
p e r s o n .
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EFMP
1. I l i k e  m a t he m a t i c s  p u z z l e s .
2.  Ma t h e ma t i c s  i s  e n j o y a b l e  and s t i m u l a t i n g  t o  me.
3.  When a  m a t h e m a t i c s  p r o b l e m a r i s e s  t h a t  I c a n ' t  i m m e d i a t e l y  s o l v e ,
I s t i c k  w i t h  i t  u n t i l  I have  t h e  s o l u t i o n .
4.  Once I s t a r t  t r y i n g  t o  work on a m a t h em a t i c s  p u z z l e  I f i n d  i t  h a r d
t o  s t o p .
5.  When a q u e s t i o n  i s  l e f t  unanswered  in m a t h e m a t i c s  c l a s s ,  I c o n t i n u e  
t o  t h i n k  a b o u t  i t  a f t e r w a r d .
6.  I am c h a l l e n g e d  by m a t h e m a t i c a l  p rob l ems  I c a n ' t  u n d e r s t a n d  
immedi a t e l y .
EFMN
1. F i g u r i n g  o u t  m a t h e m a t i c a l  p rob l ems  does  n o t  a p p e a l  t o  me.
2 .  The c h a l l e n g e  o f  m a t h e m a t i c a l  p rob lems  does  n o t  ap p e a l  t o  me.
3.  M a t he m a t i ca l  p u z z l e s  a r e  b o r i n g .
4.  I d o n ' t  u n d e r s t a n d  how some p e o p l e  can s pend so  much t i me  on 
m a t h e m a t i c s  and seem t o  e n j o y  i t .
5.  I would r a t h e r  have someone g i v e  me t h e  s o l u t i o n  t o  a d i f f i c u l t  
m a t h e m a t i c a l  p rob l em t h a n  t o  have t o  work i t  o u t  f o r  m y s e l f .
6.  I do a s  l i t t l e  work i n  m a t h e m a t i c s  as  p o s s i b l e .
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The l o c u s  o f  c o n t r o l  s c a l e s  were b a s ed  on s e l e c t e d  i t e m s  f rom t h e  
I n t e l l e c t u a l  Ach i eve men t  R e s p o n s i b i l i t y  Q u e s t i o n n a i r e  d e v e l o p e d  by 
C r a n d a l l ,  Ka t o v s k y ,  and C r a n d a l l  ( 1 9 6 5 ) .  The a b b r e v i a t i o n s  f o r  t h e s e  
s c a l e s  were :
LCIP—  9 " p o s i t i v e "  i t e ms  f rom t h e  s c a l e
LCIN—  9 " n e g a t i v e "  i t ems  f rom t h e  s c a l e
The s u b j e c t s  were  d i r e c t e d  t o  mark e i t h e r  o f  two p o s s i b l e  c a u s e s  
f o r  a g i v e n  e v e n t .  One r e s p o n s e  r e p r e s e n t e d  an " i n t e r n a l "  l o c u s  o f
c o n t r o l ,  and t h e  o t h e r  r e s p o n s e  r e p r e s e n t e d  an " e x t e r n a l "  l o c u s  o f
c o n t r o l .  On t h e  f o l l o w i n g  p a g e s ,  we i n d i c a t e  t h e  " i n t e r n a l "  r e s p o n s e  
w i t h  an a s t e r i s k  ( * ) .
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LCIP
1. I f  a g r a d e r  g i v e s  you a l o t  o f  p a r t i a l  c r e d i t  on a c a l c u l u s  p rob l em,  
would i t  p r o b a b l y  be
(A) b e c a u s e  he o r  she  i s  an e a s y  g r a d e r ,  o r
*(B) b e c a u s e  o f  t h e  work you d i d ?
2.  When you do we l l  on a c a l c u l u s  exam,  i s  i t  more l i k e l y  t o  be 
*(A) b ec a u s e  you s t u d i e d  f o r  i t ,  o r
(B) b e c a u s e  t h e  t e s t  was e s p e c i a l l y  ea sy?
3.  Suppose you d i d  b e t t e r  t h a n  you e x p e c t e d  in c a l c u l u s .  Would i t  
p r o b a b l y  happen
*(A) b e c a u s e  you t r i e d  h a r d e r ,  o r
(B) b e c a u s e  someone h e l p e d  you?
4.  I f  you s o l v e  a word p rob l em q u i c k l y ,  i s  i t
(A) b e c a u s e  i t  w a s n ' t  a v e r y  h a r d  p r ob l e m,  o r
*<B) b e c a u s e  you worked on i t  c a r e f u l l y ?
5. When you l e a r n  some t h i ng  q u i c k l y  i n  c a l c u l u s  l e c t u r e ,  i s  i t  u s u a l l y  
*(A) b e c a u s e  you p a i d  c l o s e  a t t e n t i o n ,  o r
(B) b e c a u s e  t h e  p r o f e s s o r  e x p l a i n e d  i t  c l e a r l y ?
6.  Suppose you became a s u c c e s s f u l  e n g i n e e r ,  s c i e n t i s t  o r  d o c t o r .  Do 
you t h i n k  t h i s  would happen
(A) b e c a u s e  o t h e r  p e o p l e  h e l p e d  you when you neede d  i t ,  o r  
*(B) b e c a u s e  you worked v e r y  h a r d?
7.  When you f i n d  i t  e a s y  t o  work c a l c u l u s  p r ob l e m s ,  i s  i t  u s u a l l y
(A) b e c a u s e  t h e  p rob l ems  were e a s y ,  o r
*(B) b e c a u s e  you s t u d i e d  b e f o r e  you t r i e d  them?
8.  When you remember  s ome t h i ng  you h e a r d  i n  l e c t u r e ,  i t  i s  u s u a l l y  
*(A) b e c a u s e  you t r i e d  h a r d  t o  remember ,  o r
(B) b e c a u s e  t h e  p r o f e s s o r  e x p l a i n e d  i t  w e l l ?
9. Suppose  you a r e  e x p l a i n i n g  a c a l c u l u s  c o n c e p t  t o  a f r i e n d  and he o r  
she  l e a r n s  i t  q u i c k l y .  Would t h a t  happen more o f t e n
*(A> b e c a u s e  you e x p l a i n e d  i t  w e l l ,  o r
(B) b e c a u s e  he o r  she  was a b l e  t o  u n d e r s t a n d  i t ?
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LCIN
1. When you have t r o u b l e  u n d e r s t a n d i n g  some t h i ng  i n  a c a l c u l u s  l e c t u r e ,  
i s  i t  u s u a l l y
(A) b e c a u s e  t h e  p r o f e s s o r  d i d n ' t  e x p l a i n  i t  c l e a r l y ,  o r
*(B) b e c a u s e  you d i d n ' t  l i s t e n  c a r e f u l l y ?
2.  Suppose you want  t o  become an e n g i n e e r ,  s c i e n t i s t  o r  d o c t o r  and you 
f a i l .  Do you t h i n k  t h i s  would happen
*(A) b e c a u s e  you d i d n ' t  work h a r d  enough ,  o r
(B) b e c a u s e  you needed  some h e l p  and o t h e r  p e o p l e  d i d n ' t  g i v e  i t
t o  you?
3.  When you f i n d  i t  h a r d  t o  work c a l c u l u s  p r o b l e m s ,  i s  i t
*(A) b e c a u s e  you d i d n ' t  s t u d y  we l l  enough b e f o r e  you t r i e d  them,  o r
(B) b e c a u s e  t h e  p r ob l ems  were t o o  ha rd?
4.  When you f o r g e t  s o me t h i n g  you h e a r d  in  l e c t u r e ,  i s  i t
(A) b e c a u s e  t h e  p r o f e s s o r  d i d n ' t  e x p l a i n  i t  v e r y  w e l l ,  o r
*(B> b e c a u s e  you d i d n ' t  t r y  v e r y  h a r d  t o  remember?
5.  When you d o n ' t  do we l l  on a c a l c u l u s  exam, i s  i t
(A) b e c a u s e  t h e  exam was e s p e c i a l l y  h a r d ,  o r
*(B) b e c a u s e  you d i d n ' t  s t u d y  f o r  i t ?
6.  I f  a  g r a d e r  g i v e s  you v e r y  l i t t l e  p a r t i a l  c r e d i t  on a c a l c u l u s
p r ob l e m,  would i t  p r o b a b l y  be
(A) b e c a u s e  he o r  she  was a h a r d  g r a d e r ,  o r
*(B) b e c a u s e  y o u r  work w a s n ' t  good enough?
7.  Suppose you d o n ' t  do a s  we l l  a s  you e x p e c t e d  i n  c a l c u l u s .  Would 
t h i s  p r o b a b l y  happen
*(A) b e c a u s e  you w e r e n ' t  a s  c a r e f u l  a s  you s h o u l d  have b ee n ,  o r
(B) b e c a u s e  you d i d  n o t  have enough t i me  t o  d e v o t e  t o  i t ?
8.  Suppose you a r e  showing a f r i e n d  a c a l c u l u s  c o n c e p t  and he o r  she
has  t r o u b l e  w i t h  i t .  Would t h a t  happen
(A) b e c a u s e  he o r  s he  w a s n ' t  v e r y  good a t  m a t h e m a t i c s ,  o r
*(B) b e c a u s e  you c o u l d n ' t  e x p l a i n  i t  we l l ?
9.  I f  you c a n ' t  s o l v e  a  word p r o b l e m ,  i s  i t  more l i k e l y  t o  happen
*(A) b e c a u s e  you a r e  n o t  e s p e c i a l l y  good a t  d o i n g  word p r o b l e m s ,  o r
(B) b e c a u s e  t h e  p r ob l e m w a s n ' t  w r i t t e n  c l e a r l y  enough?
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EXAMPLES OF COGNITIVE MEASURES
On t h e  f o l l o w i n g  pages  we p r o v i d e  exampl es  o f  t h e  c o g n i t i v e  
me a su r e s  employed i n  t h i s  s t u d y .  Because  o f  c o p y r i g h t  r e s t r i c t i o n s ,  we 
c a n n o t  r e p r i n t  an example  o f  t h e  Group Embedded F i g u r e s  T e s t . However ,  
we do p r o v i d e  an example  o f  a  s i m i l a r  d i s e m b e d d i n g  t a s k —  t h e  Hidden 
F i g u r e s  T e s t  f r o m t h e  Eks t rom,  F r e n c h ,  Harman and Dermon Ki t  o f  
F a c t o r - R e f e r e n c e d  C o g n i t i v e  T e s t s  ( 1 9 7 6 ) .  The examples  o f  t h e  Hidden 
P a t t e r n s  T e s t , t h e  Card  R o t a t i o n s , Nonsense  S y l l o g i s m s , and Diagramming 
R e l a t i o n s h i p s  a l s o  come f rom t h e  Eks t rom K i t . These  examples  and t h e  
examples  o f  t h e  Pur due  S p a t i a l  V i s u a l i z a t i o n  o f  R o t a t i o n s  T e s t  a r e  
r e p r i n t e d  w i t h  t h e  k i n d  p e r m i s s i o n  o f  t h e  E d u c a t i o n a l  T e s t i n g  S e r v i c e  
and t h e  Purdue  U n i v e r s i t y  R e s ea r ch  F o u n d a t i o n .
Time r e s t r i c t i o n s  on t h e  c o g n i t i v e  me a su r e s
Measure Time
PSVR none*
GEFT2, GEFT3 5 m i n u t e s each
HPT1, HPT2 3 m i n u t e s each
NS1, NS2 5 mi n u t e s each
DR1, DR2 5 m i n u t e s each
CR1, CR2 3 m i n u t e s each
*The PSVR was g i v e n  w i t h  t h e  a l g e b r a  and t r i g o n o m e t r y  p r e t e s t s ,  
f o r  which t h e r e  was a t o t a l  t i me  l i m i t  o f  a p p r o x i m a t e l y  one  h ou r .
Examples o f  PSVR items
a s I S  ROTATED TO
I S  ROTATED TO
AS I S  ROTATED TO
C o r r e c t  a n s w e r s  a r e  D and B, r e s p e c t i v e l y .
C o p y r i g h t  ( c )  1976 by Purdue  U n i v e r s i t y  R e s e a r c h  F ounda t i  
A l l  r i g h t s  r e s e r v e d .
252
Examples from the Hidden Figures Test
NOTE: There is only one of these figures in each pattern, and this
figure will always he right side up and exactly the same size as one of the 
five lettered figures.
Now try these 2 examples.
A B C D E
i
A B O D E
n
A B O D E
The figures below show how the. figures are included in the problems 
Figure A is in the first problem and figure D in the second.
I n
X  B  C  D  E A B C X  E
C o p y r i g h t  ( c )  1962,  1975 by E d u c a t i o n a l  T e s t i n g  S e r v i c e .  
Al l  r i g h t s  r e s e r v e d .
Examples  f rom t h e  Hidden P a t t e r n s  T e s t
X
The model muse alw ays be in  c h ls  p o s i t io n ,  n o t on I t s  s id e  o r upside
down.
In  th e  n e x t row, when th e  model a p p e a rs , i t  i s  shown by heavy l in e s :
3^ ^  % X El 5" % .
(©) (X) (©) <©) (X) (©) (©)
Your ta s k  w i l l  be to  p la c e  an X in  th e  space  below each p a t te r n  in  
w hich th e  model a p p e a rs  and an 0 below  th e  p a t t e r n  where th e  model does 
n o t a p p e a r . Now, t r y  t h i s  row:
1. 2. 3. b.. 3. 6. 7- 8 . 9-
( ) ( ) ( ) ( ) ( ) ( ) ( . )  ( ) ( )
You should  have marked an X below  p a t te r n s  1 , 3 , 4 , 8, and 10, because 
th e y  c o n ta in  th e  m odel. You shou ld  have marked an 0 below p a t te r n s  2, 5, 
6 , 7, and 9 because  th ey  do n o t c o n ta in  th e  m odel.
Copyright ©  1962 and 1975 by Educational Testing Service.
A l l  r ig h ts  reserved.
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Examples  o f  Nonsense  S y l l o g i s m s
If the conclusion drawn from the statements shows good reasoning, put 
an X on the letter G. If the conclusion drawn from the statements shows 
poor reasoning, put an X on the letter P.
Now try the practice problems given below. The first two syllogisms 
have been correctly marked.
1) All trees are fish. All fish are horses
Therefore all trees are horses. V P
2) All trees are fish. All fish are horses.
Therefore all horses are trees. G
3) .Some swimming pools are mountains. All mountains
like cats. Therefore all swimming pools like cats. G P
4) All swimming pools are mountains. All mountains
like cats. Therefore all swimming pools like cats. G P
5) All elephants can fly. All giants are elephants.
Therefore all giants can fly. G P
6) Some carrots are sports cars. Some sports cars 
play the piano. Therefore some carrots play
the piano. G P
7) No two flowers look exactly the same. Roses and 
tulips look exactly the same. Therefore roses
and tulips are not two flowers. G P
The answers to the other five problems are as follows: 3 is P;
4 is G; 5 is G; 6 is P; 7 is G.
Copyright (c )  1962 and 1975 by Educational Testing Service.
A l l  r ig h ts  reserved.
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Examples o f  Diagramming Relationships
b i r d s ,  
p e ts  - O t r e e s
T his diagram  shows th a t  no t r e e s  a re  e i t h e r  p e ts  o r  b i r d s ,  b u t some b i r d s  a r e  p e ts  
and some p e ts  a r e  b i r d s .
Each item  in  t h i s  t e s t  names th r e e  groups o f  th in g s .  You a r e  to  choose from 
th e  l e t t e r e d  d iagram s a t  th e  to p  of th e  t e s t  pages th e  one diagram  th a t  shows the  
c o r r e c t  r e l a t io n s h i p s  among th e  th re e  groups o f th in g s  in  each  ite m . Mark th e  l e t t e r  
o f  th e  diagram  th a t  you s e l e c t .
Now t r y  these_sam ple  i te m s :
A B C •
1. A nim als, c a t s  dogs
A B C D E
2. D esks, f u r n i t u r e ,  p e n c i ls
A B C D E
You sh o u ld  have marked A f o r  1 . and E fo r  2.
Copyright (z) 1975 by Educational Testing Service. A l l  r ig h ts  reserved.
Examples o f  Card Rotations
A il  o f th e s e  d raw ings a re  o f th e  same c a rd , which has been s l i d  around 
i n t o  d i f f e r e n t  p o s i t io n s  on th e  p ag e .
Nov lo o k  a t  th e  2 c a rd s  below :
These two c a rd s  a re  n o t a l i k e . The f i r s t  canno t 
be made to  lo o k  l i k e  th e  second by s l i d in g  i t  
around on th e  p a g e . I t  would have to  be f l ip p e d  
over o r  made d i f f e r e n t l y .
Each problem  in  t h i s  t e s t  c o n s is ts  o f one c a rd  on th e  l e f t  o f a v e r t i c a l  
l i n e  and e ig h t  ca rd s  on th e  r i g h t . You e r e  t o  d ec id e  w h eth er each of th e  
e ig h t  ca rd s  on th e  r i g h t  i s  th e  sane as  o r  d i f f e r e n t  from  th e  card  a t  th e  
l e f t .  Mark th e  box b e s id e  th e  S i f  i t  i s  th e  same as  tn e  one a t  th e  b eg in n in g  
o f  th e  row. Mark th e  box b e s id e  th e  P i f  i t  i s  d i f f e r e n t  from  th e  one a t  th e  







P r a c t i c e  on th e  fo llo w in g  row s. The f i r s t  row has been  c o r r e c t ly
n a r k e d
b
f o r  y o u .
CP 6 <0
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C o p y r i g h t  ( c )  1962 and 1975 by E d u c a t i o n a l  T e s t i n g  S e r v i c e  
Al l  r i g h t s  r e s e r v e d .
